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INTRODUCTION 
The first historical reference to Catha edulis Forsk (Celastraceae) appeared 
in a chronicle on Amda Seyon, who reigned Abyssinia from 1314-1344 when 
Abyssinian tea was noted as a popular drink in Abyssinia and Aden (Gordon et al., 
1961; Al-Meshal et al., 1983). This plant is known by different local names and is 
grown wild in Afghanistan, Uganda, Rawanda. Burundi, Zaire, Tanzania, Zambia. 
South Africa and South West Arabia (Greenway, 1947; Clarke, 1960). 
There is a presumed antiquity of the C. edulis leaves, shoots and roots" use 
as a native medicine for several illnesses. It used to aid the treatment of genito-
urinary diseases and is known to afford protection against malaria (Peter. 1952). 
Masai and Kipsigi people used it to treat gonorrhea (Glover et al., 1966). Khat 
infusion is used to administer to the invalids (Merabi. 1929). The dried leaves of 
khat are sometimes also smoked (Margetts, 1967). Leaves and roots are said to be 
of use in influenza, while roots alone suffice for stomach troubles (Bally, 1938; 
Bally, 1945; Githens, 1948). In South Africa it is a common remedy for cough, 
asthma and other chest diseases (Voster, 1974). In Saudi folk medicine it is used as 
antipyretic, CNS stimulant and in asthma (Ageel et a!.. 1987). 
Apart from the native medicinal importance, the wood of C. edulis is used 
for building huts and as paper pulp (Greenway, 1917). However, the main reason 
why Khat leaves have entered the international arena is for its abuse. The wide 
spread habit for chewing fresh leaves and shoots of Khat in Southern Arabia and 
Africa (Macioli and Parrinello, 1967) is more than a recreational habit reinforced 
by psychostimulant and euphorizing effects of Khat. The habit has a deep routed 
social and cultural tradition (Nencini et al., 1978). Altogether each person takes 
some 100 to 200 g Khat leaves (Kalix and Braenden, 1985); however, in certain 
locations addicts are found chewing upto 2.5 kg every day (Peter, 1952). Khat 
produces central stimulation, ensuing elation, alertness, and euphoria, reminiscent 
of amphetamine action. The tendency of many Khat users to obtain their daily 
supply by any means is clear manifestation of psychic dependence and the World 
Health Organization has classified it as a "drug of abuse', which can produce mild 
to moderate psychic dependence. This psychic dependence has damaging effects of 
both social and economical aspects (Nahas. 1981). For example the sexual 
disturbance^ due to Khat may endanger family life (Macioli and Parrinello, 1967; 
Halbach, 1972), while considerable loss of man hours decreased productivity and 
loss of agriculture land for its cultivation may lead to serious economic imbalance 
(WHO. 1980a; Krikorian and Getahun, 1973). 
Today several million people living in East Africa and South West part of 
the Arab peninsula are exposed to the Khat menace. Several attempts have been 
made to restrict Khat production and consumption in the past (Halbach. 1972). 
Howexcr, psychic dependence on this natural recreational drug is widely 
spreading. e\en to the parts where it is not grown (Nencini et o/., 1989). 
Although millions of people are exposed to the habit of Khat chewing but 
serious and detailed investigations on the toxicity of Khat are lacking. Previous 
reviews on this subject are mainly concerned with pharmacological aspects of Khat 
(Kalix and Braendon, 1985; Kalix, 1984; Al-Meshal et a!., 1985; Attef et al., 
1997) and the information on its toxicity is still scattered in literature. In this study 
an attempt has been made to present the toxicity of Khat with some background 
and the role of its phytoconstituents. which will provide renewed insight in 
approach to the serious Khat abuse. 
Toxicity of Khat 
1. General toxicity 
The desirable effects of Khat leaves include relief from fatigue, increased 
alertness, feeling of elation and heightened self-confidence. It is effective in 
blunting sensation of hunger (LeBraas and Fretillere, 1965). sense of well being 
and'jncrcaseof libido.(Nencini et al., 1978). 
Khat induces mild euphoria, excitement, accompanied by episodes of 
logorrhea and verbal agressivity. In larger doses, thelwake^lnis^ passes on to. 
drowsiness__and deep slumbgr^ Insomniajs a_corojjary effect of Khat i^e. The ' v, K ^ ' 
chronic use of Khat may cause cerebral hemorrhage, hypertension and sometimes 
nausea and vomiting (Hassan et al, 2000; Al-Motarreb et al., 2002; Halket et al. 
J , . kAi<2. 
1995). Extensive Khat use may cause (v^gositioning with neurological 
symptomatology"(Khattab and Amer, 1995), loss of articulations, neuromuscular 
incoordination and collapse, hyperesthesia (Connor et al., 2000), hypothermia, 
twitching, spascity, convulsions and death (Margetts, 1967; Halbach, 1972; 
LeBraas and Fretillere, 1965; Heisch, 1945). 
The patients of schizophrenia are frequent users of Khat. which aggravate 
the intensity of schizophrenic problems (Luqman and Donowski. 1976). Such 
effects have also been noticed following chronic ingestion of amphetamines 
(Heisch. 1945). Khat chewing is reported to cause periodontal disease and mucosal 
lesions and disorders of upper gastrointestinal tract. It is known to cause 
constipation accompanied by hemorrhoids^ paralytic ileus and cirrhosis oi' the 
liver. The extremities of the user felt cold and complained of drafts followed by 
palpitation and tachycardia (Halbach, 1972; Luqman and Donowski, 1976; 
Hughes, 1973). ^^.h^^ 
The symptoms induced by Khat gtimulat^alcoholic intoxication (Maresova. 
1967; Britton, 1939). It dilates pupils of the eye. excites the whole nervous system 
and causes a staring look (Halbach. 1972). In Kenya. Khat chewing was found to 
induce maniac psychosis and poisoning (Carothers. 1945; Dhadphalc ct al.. 1981: 
Alem and Shibre. 1997; Jager and Sireling, 1994). 
2. Phytoconstituents of Khat and their toxicity 
Ov>> Katin and celestrine were the first reported alkaloids of Khat (Fluckiger and 
^-s (Gerock, 1987; Mosso, 189 h). filter cathin. cathinine and cathidine were isolated 
v X ^ - ^ . ^ — - ^ - ^ g i 5 a n ^ - I ^ 1 2 ; - ^ i s g / a C l ^ T S j . Wolfes (1930) believed (+)-nor-
^ ^ pseudoephedrine to be the active constituent of Khat. Studies by the United 
Nations Narcotic Laboratories finally confirmed (-)-cathinone [(-)-S-O-amino 
propiophenone] having S-configuration as that of (+)-amphetamine to be 
responsible for the activity of Khat (UN. 1975; Knoll. 1979; Yanagita, 1979; 
Schuster and Johanson, 1979; Rosecrans et al. 1979; WHO. 1980b; Kohli and 
Fig. IKhat Shrub 
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Goldberg, 1982). The percentage yield of celastraceus alkaloids (cathedulins) is 
known to alter significantly on geographical location (Al-Meshal et al., 1985). 
The known phytoconstituents of Khat are alkaloids, flavonoids, tannins, 
sterols/triterpenes, volatile bases, etherial oils, ascorbic acid, resins and sugars 
(Quedan, 1972; Crombie, 1980; Gellert e^  a/.. 1981; Szendrei, 1983; El-Kiey eM/., 
1968) etc. 
Tannins were found to damage liver and adrenal glands, and Khat 
polyphenolic compounds presumed to increase the probability of esophageal 
cancer (Alles et al., 1961; Mortan. 1979; Mortan, 1980; Schorno et al.. 1982). The 
periodontal disease, mucosal lesions, gastric problems and constipation among the 
Khat users have also been attributed to high tannin content of this plant (Halbach. 
972; Luqman and Donowski. 1976; Hughes. 1973; Maresova. 1967). However. 
the ^ a t i ve properties^af tannins have been found to vary substantially among 
different types of Khat (Fiedler and Hildebrand, 1954). 
The presence of the known antioxidant ascorbic acid in Khat is reported to 
act as an antidote to amphetamine like substances (Krikorian. 1984). However, 
Khat variants are known to differ in ascorbic acid contents (Kalix and Braenden, 
1985). 
The phenylalkylamines are pharmacologically known to act like 
amphetamines (Kalix. 1994; Kalix, 1996; WHO, 1980a; Szendrei, 1980; Nencini, 
1980; Zelger et al., 1980; Zelger and Carlini. 1981; Kalix. 1981). Although 
pharmacological studies have been undertaken on (-)-cathinone (Kalix and 
Braenden, 1985; Johanson and Schuster. 1981; Velterio and Kalix, 1982; Kalix, 
1983) but little is known about its toxicity. Khat alkaloids (-)-cathinone. (+)-
cathinone. (-)-N-formylnorephedrine and (+)-N-formylnorephedrine, at an acute 
dose of 5 to 30 mg/kg (i.p.) were found to produce a varying degree of 
hypoprothrombinemia with corresponding response on fibrinogen level in rats 
(Tariq et al.. 1987a). The hypertensive state often observed in chronic Khat 
chewers may be due to increased viscosity of blood produced by khat alkaloids. 
Cathinone is reported to cause reduction in cardiac glycogen and serum 
triglycerides (Al-Meshal et al., 1987a). In a comparative study of cathinone and 
amphetamine at a dose of 5, 10 and 15 mg/kg on brown adipose thermogenesis in 
rats both the compounds produced significant dose dependent increase in 
intracapsular brown adipose tissue and rectal temperature. However, amphetamine 
was found to be three times more potent as compared to cathinone (Tariq et ai, 
1989a). 
Al-Meshal (1987b) reported mitodepressive effect of (-)-cathinone on 
Allium cepa root tips at a concentrations of 0.5-1.0 percent. The treatment was 
found to induce significant condensation and clumping of chromosomes, sticky 
metaphases and anaphase bridges. 
Cathinone was found to be unstable and decomposed to form a dimer (3,6-
dimethyl-2, 5-diphenylpyrazine), and fragments such as benzaldehyde, ethylamine 
and 1-phenyl-1,2-propandione. These compounds have also been isolated from 
Khat (WHO. 1980b). The degradation of cathinone may occur both in vivo as well 
as in vitro and the activity of cathinone may be partially or fully related to these 
compounds. 
^ Alkaloids are known to react with nitrites in acidic media to produce 
carcinogens (Hecht et al.. 1978). Cathinone may undergo nitrosation by reacting 
with nitrites of thefbody fluip and act as carcinogen. The cold nitrosation of 
cathinone is found to produce methyl phenyl ketone while hot nitrosation leads to 
the formation of 2,5-dimethyl-3,6-diphenylpyrazine and (|)-hydroxy-propiophenone 
(Schorno. 1979). These reactions are reported to be catalyzed by some phenolic 
compounds present in plants (Pignatelli et al.. 1982; Nakamura and Kawabata, 
1981). It is interesting to note that all these compounds are present in Khat leaves. 
C. ediilis is known to be a rich source of flavonoids. Kaempferol, quercetin, 
myricetin, dihydromyricetine dihydromyricetin-3-O-rhamnoside and glycosides of 
myricetin, quercetin and dihydromyricetin have been isolated from its leaves (El-
Sissi and Abdalla, 1966; Gellert er a/., 1981; Al-Meshal et al.. 1986). Pamukuera/ 
(1980) have reported a high incidence of ileal tumors in rats fed a diet containing 
1000 ppm of quercetin for 1 year. However, most reports (Ambrose et al. 1952; 
Hirono et a/., 1981; Saito et ai, 1980; Mirino et al., 1982) show no significant 
increase in tumor frequencies. Quercetin was found to be mutagenic in Salmonella 
typhimurium strains by the spot (100 ng per disk) and plate (50 ^g - 2.5 mg per 
plate) incorporation methods. Flavonols (quercetin, kaempferol and gralangin) 
were shown to be mutagenic in mammalian cells m vitro at levels of 5-75 fig /ml 
(Carver et al, 1983; Amacher et at.. 1979; Meltz and Gregor. 1981). However, no 
consistent increases were observed in the micronucleus frequency of bone marrow 
or peripheral blood erythrocytes from mice treated with quercetin (Mac Gregor et 
al, 1983). 
The observations of Khat revealed its adverse effects on human beings. The 
experiments on animals conducted so far are suggestive of its acute toxicity (Mack. 
1995), mutagenicity, teratogenicity and also possible carcinogenicity (Gunaid et 
o/., 1995; Awange and Onyango, 1993; Soufi et al. 1991; Kassie et al.. 2001). 
3. Metabolism of Khat and its active principle 
The literature on the metabolism of C ediilis is scanty. Maitai and Mugera 
(1975) observed the presence of d-norpseudoephedrine in the urine of human 
subjects (range 30-40%) who had ingested Khat material. 
In a study on the metabolism of cathinone (the active alkaloid of Khat). 
.7) '^ 
Brenneisen et al (1986)j, reported its conversion to amino alcohol metabolites by 
stereospecific keto reduction. The main metabolite of (-) cathinone was identified 
to be R/S-norephedrine. The metabolite of (+) cathinone was found to be (-) 
norpseudoephedrine. 
4. Biochemical effects 
Said (1967) reported inhibition of brain amino-oxidase and effect on blood 
sugar level on administration of chloroform extract of Khat leaves to busca rabbits. 
The results of the two week treatment with ethanolic extract of leaves at a dose of 
200 mg/kg, revealed reduction in serum glucose, alkaline phosphatase and increase 
in total bilirubin, acid phosphatase and lactate dehydrogenase in rats (Tariq et al.. 
1983). The decrease in serum glucose was attributed to significant decrease in food 
intake or due to endocrina©gied disorders (Ahmed and el-Qirbi, 1993). The 
increase of bilirubin and decrease in alkaline phosphatase activity was related to 
hepatic inflammation and increase in LDH was associated to congestion and 
cellular infiltration in myocardium observed ifi-^ he histopathologicaltowttte. The 
changes in cholesterol, total protein, albumin, uric acid. SCOT. SGPT were not 
significant in the same study. 
Chloroform extract of Khat leaves was found to inhibit RNA and DNA 
synthesis in the neurons of 7 and 19 days chick embryo (Hammouda, 1971.1972). 
Subcutaneous administration of chloroform ether extract of the leaves reduced the 
concentration of RNA, DNA and total proteins in liver and brain (n the dose levels 
of 0.5-1.0 g/kg in rats (Hondt et al., 1984). Chloroform extract of leaves also 
inhibited protein, DNA and RNA biosynthesis in KB, IBR (Greenway, 1947) and 
XP2Bi cells at varying concentrations (20-100 ng/ml) indicating its cytoxicity and 
mutagenicity to mammalian cells (Al-Ahdal etal.. 1988) 
5. Morphological abnormalities and visceral toxicity 
Acute toxicity studies in mice and rats revealed no mortality of animals up 
to a single oral dose of 2 g/kg body weight of ethanolic extract of Khat leaves. The 
histopathological studies on the two weeks Khat treated rats, revealed congestion 
and cellular infiltration in myocardium (Tariq et al., 1983). 
In a study on chronic toxicity (Maitai, 1977) rats fed with Khat mixed in 
ground commercial pellets (concentrations of 1-50%), were observed to consume 
less food and retardation in growth. Catarrhal inflammation of increasing severity 
was noticed in glandular stomach and duodenum. Histopathological studies 
revealed mostly vacuolation type degenerative changes. Centrolobular and 
coagulative necrosis was also observed in liver and kidney, in addition to 
hemoiThagic gastritis and duodenitis. Based on the published data regarding the 
toxicity of tannins in rats (Godi, 1965Ithe lesion in stomach and duodenum were 
attributed to the high contents of tannins in Khat (El-Sissi and Abdalla, 1966). 
The study on the mean organ weights heart, lungs, kidney, spleen and liver 
showed an increase in weight at lower doses and decrease in weight at higher 
doses of khat. The tumors mostly appeared at axilla, chest, cervical region and 
abdomen. The histopathological examination revealed reactive hyperplasia in 
lymph nodes, lymphoid tissues and areas of necrosis; necrotic areas in 
subcutaneous tissues showed a lot of polymorphs and scattered inflammatory 
changes in muscles. The skin tumors and eye lesions observed in the Khat group 
were also observed in a parallel study on (-) cathinone (Tariq et al.. 1989b). Thus, 
the skin tumors and eye lesions were attributed to the presence of (-)- cathinone. 
6. Reproductive toxicity 
In North Yemen where Khat chewing is common, infant and childhood 
mortality rates were found to be equal or exceeding 50% till 1976. Varying effects 
were observed on Khat chewers like effects on their sex-life, but in most, a delay 
in ejaculation phase was observed. Many Khat chewers reported a spontaneous 
secretion of spermatic fluid. Poor lactation has been reported in khat chewing 
lactating mothers (Luqman and Donowski, 1976). 
X ^^ The low production and cessation of sperms in the seminiferous pathway 
V ^ . 
O under ihe_eli£ct_-^ dietary Khat was attributed to DNA replication deficiency 
(Hammouda, 1978; el-Shouraera/., 1995). 
7. Teratogenicity and congenital effects 
Investigations on the development of chick embryos, mother hen fertility 
and hatchability with the chloroform extract of Khat demonstrated a remarkable 
retardation of organ development, inhibition of limb bud formation and congenital 
abnormalities (Kamel et al., 1966; Hammouda et al., 1969; Islam et al., 1994). 
A number of congenital abnormalities such as degeneration of blastoderm, 
retardation of heart development and stoppage of the process of cranial flexure 
were observed in the treatment of white leg horn eggs with chloroform extract of 
Khat (Kamel et a/., 1967). The effect of Khat on RNA of the neurons of 7 and 19 
10 
days chick embryo showed fragmentation of the RNA content of 7 days neurons 
and the RNA in the advanced stage of the 19th day neuron was found to be 
seriously disintegrated and degenerated. This effect on RNA with the subsequent 
accumulation of these bodies on the cell periphery was due to disturbance of the 
rate of protein synthesis (Hammouda, 1971). 
The DNA content in the nucleus was found highly diminished after the 
treatment of khat for seven days. On the other hand DNA of the advanced neuron 
of 19-day treatment was reported severely disintegrated and even resorbed. The 
changes in DNA content were attributed to the differences in the chromatid 
number and the physiological changes (Hammouda. 1972). 
8. Mutagenicity 
Recreational drugs such as alcohol, LSD and marijuana are clastogenic and 
present a potential hazard to man (Sax and Sax, 1966; Doorance et al., 1970; Bick, 
1970; Hondt et ai, 1980). Narcotic Khat was also investigated for its cytological 
and genetic effects. In a study on its mitodepressive effect in the meristematic 
region of Allium cepa root tips (Kabarity and Malallah. 1980). aqueous extract of 
Khat leaves produced a drastic reduction in mitotic index. 
This mitodepressive effect induced by Khat was accompanied by imbalance 
in the frequencies of mitotic phases. The chloroform extract of Khat leaves was 
found to be mutagenic and cytotoxic in bacteria (Al-Ahdal et al.. 1988). 
Hondt et at (1984) found that Khat extract in different doses increased the 
chromosomal aberrations, which include gaps, breaks, centrometric attenuation 
and centric fusions. The mitotic index was reduced in all the treatments indicating 
cytotoxic activity of Khat. 
Aberrations in the bone marrow were mostly shown to be of structural type. 
The methanolic extract of Khat leaves at a dose of 125, 250 and 500 mg/kg in mice 
significantly increased the frequency of micronucleated polychromatic 
erythrocytes and induced bone marrow depression in bone marrow cells. It also 
induced significant chromosomal aberrations in the testis such as aneuploids, 
11 
autosomal univalent, univalent of the sex chromosomes and polyploids (Tariq et 
al., 1987c). Khat extract was also found to increase the percentage of sperms with 
abnormal head forms and achrosome (Qureshi et al., 1988). 
Prolonged exposure (6 weeks) of mice to the extract also resulted in the 
induction of total and partial sterility in males and significant post-implantation 
loss in the dose range of 50 to 200 mg/kg. These studies suggested that cathinone 
might partially or totally be responsible for the mutagenic activity and sterility 
induced by Khat (Tariq et al.. 1990). 
12 
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Stress: 
Any environmental factor that can significantly modify an 
animal's biological responses resulting into stress is called a stressor. 
The stressors may be physical, physiological or psychological in 
nature. Physical conditions of the environment such as temperature, 
light and sound directly affect the (Internal environmentj of an^^^^? 
organism, and create disturbances in the (^ru^turaTyand chemical 
composition of the body. The resistance offered by the body against 
these conditions is termed as physical stress. If the organism has the 
capacity to adapt and combat these conditions, it survives otherwise 
death of the organism occurs. According to Selye (1956), stress is the 
nonspecific response of the organism to any demand made upon it. 
Stress, like anxiety, is a broad and general concept-describing 
organism's reactions to environmental demands (Rabkin and 
Struening, 1976). Seyle (1976) described the sequence of 
pathological changes occurring in the animals following exposure to 
stressful stimuli. He named it as "General Adaptation Syndrome" 
(G.A.S.), which develops in three stages comprising of-
i. Alarm reaction or Shock, when the animal is initially exposed 
to stressor and must set up defenses to combat it. 
ii. Stage of resistance, when the organism is able to adjust to the 
changed environment. The adaptation is optional at this stage. 
iii. Stage of exhaustion, in this stage the acquired adaptation is 
lost and body succumbs to stress disorders. 
Alarm reaction consisted of the triad of lymphothymic 
involution, gastrointestinal ulceration, and loss of cortical lipid and 
medullary chromaffin substance from the adrenals. If the effect of 
13 
stressful stimuli continues for a long period, the body develops the 
stage of resistance. However, in case the stress is sufficiently severe 
and prolonged and the body fails to adapt, it may lead to state of 
exhaustion in which the animal develops symptoms similar to those 
seen in the first stage. 
Environmental stress has been found to invoke compensatory 
metabolic changes through modification of the quantity of enzymes 
that are normally rate limiting, under fine control or inducible by 
hormones (Ramasarna, 1978). The process of adaptation at the 
cellular level to chronic stress seems to occur by sequential changes 
in hormones, enzymes and metabolites leading to a new steady state. 
Various theories (Selye, 1956; Mason, 1968) have been 
postulated to elucidate the physiological response of the organism to 
stress, but none of them have been totally satisfactory (Burchrfield, 
1979). The most commonly accepted definition of stress as proposed 
by Selye (1956) is that it is anything, which causes an alteration of 
homcostatic state of the body. 
Stress, in its medical sense, is essentially the rate of wear and 
tear in the body. The feeling of just being tired, jittery, or ill is 
subjective sensations of stress (Selye, 1956). Rabkin and Struening 
(1976) propounded that stress can be one of the component of any 
disease, not just as those designated as psychosomatic. The chronic 
disease may be etiologically linked with excessive stress, caused due 
to (brganization^f modern technological societies (Dodge and Martin. 
1970). 
Dozens of stress models have been used to study the activity of 
the sympathetic-adrenomedullary system under stress. Forced 
immobilization is one of the well-explored models of stress in the rat. 
14 
This model was chosen in this study because it combines emotional 
stress (escape reaction) and physical stress (muscle work), resulting 
in both restricted mobility and aggression (Kvetnansky and Mikulaj, 
1970). 
Stress and Biochemical Parameters: 
The relationship between stress. hormones and 
neurotransmitters is now well established. During stress increase in 
the activity of sympatho-hypothalamo-pituitary adrenal system has 
been observed (Kvetnansky and Mikulaj. 1970). In response to stress, 
the hyperactive pituitary gland releases the tropic hormones, which in 
turn by acting on their target endocrine glands stimulate the synthesis 
and release of their respective hormones (Levi. 1967). Thus, due to 
stress the circulating levels of catecholamines. Cortisol, ACTH, 
growth hormones, acetylcholine, and histamine have been found 
considerably enhanced (Click et al., 1965: Berson and Yalow, 1968; 
Kventnansky, 1972; Mikuluj et al., 1975; Pandey. 1976 and Kopin et 
al.. 1980). 
The metabolism of catecholamines is found altered in response 
to stressful stimuli (Subrahmanium, 1973; Schneider et al., 1974 and 
Serova et al., 1999). In various stressful conditions the activity of 
catecholamines synthesizing enzymes have been observed enhanced 
J- (Serova et al., 1999; Kvetnansky, 1976 and Rysanek et al., 1978). An 
vy.> increase in dopamine-P-hydroxylaseTOBH)activity has been recorded 
'"s^ following stimulation of synipathetic nervous system or exposure to 
stress (SalDbaTTer al., 1995). The activity of|(MA(Jl the catabolising 
enzyme of catecholamines is decreased in hypophysectimized animals 
or after hydrocorticorsterone treatment (Parvez and Parvez, 1973). 
Moreover decreased activity of MAO in the rat brain have also been 
15 
Fig. 3 Cage used for the immobilization of rats 
Fig.4 Immobilized rat in the cage 
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reported after repeated immobilization stress (Bhagat and Horenstein, 
1976; Kvetnansky, 1980). 
The stress-induced hyperactivity of adrenal cortex was 
originally described by Selye (1946). According to Henry (1977), the 
psychological stress activates either the pituitary-adrenal- cortical 
system or the sympatho-adrenocortical system -becomes—aetivate-d 
when the organism fails to compete with the situation, a state leading 
to depression. In this type of stress the ACTH and corticosteroid 
levels are augmented with unaltered catecholamine levels. Enhanced 
levels of corticosteroids have also been reported in variety of 
diseases (Polgar et al., 2002; Yeap and Hosking, 2002). 
The plasma and urinary(S^-Hp levels have been found increased 
after exposure to immobilization stress (Toh, 1969; Sarkar, 1978 and 
Hirvonon et al., 1978). Increase in urinary level of corticosterone. 
adrenaline, noradrenaline and decrease in dopamine excretion have 
been reported during immobilization stress (Sudo, Ayako et al., 
1993). 
Following immobilization stress an increase in blood pressure 
and heart rate have been observed (Rhee et al., 1989). The serum 
level of glutamate oxaloacetate transaminase (GOT) and glutamate 
pyruvate transaminase (GPT) has been found increased after restraint 
stress (Pal et al., 1995). Studies have also shown that immobilization 
stress significantly decreases circulating levels of glucose (Quirce 
and Maickel, 1981). Lactate dehydrogenase (LDH). GOT and GPT 
have been proved as tumor markers for their changes in concentration 
in serum, liver and kidney (Vinitha et al., 1995). 
17 
Free Radicals: \i / y\ 
<M^ hS^ 
Free radical is any species capable of([ndependent existence 
that contains one or more unpaired electrons (An unpaired electron is 
one that occupies an atomic or molecular orbital by itself)- The 
presence of<^ne or more unpaired electrons)causes the species to be 
attracted slightly to a magnetic field, and sometimes makes the 
species highly reactive. Radicals can easily be formed when a 
covalent bond is broken if one electron from each of the pair shared 
remains with each atom, a process known as hemolytic fission. 
Heat, electromagnetic radiation (or other^can provide the energy 
required to dissociate the covakjit-feoftd. C ^ 
^^ 
Sources ofY02'')ra3?caT7^uch as pho ochemical or enzymic system, 
enzymes, cause erythrocyte have been observed to inactivate 
haemolysis, kill bacteria, degrade DNA, and destroy animal cells in 
culture/T p^^^^ 
Free radicals are of great importance in the mode of action of 
several toxic substances and in the process of inflammation (Chevion 
et al.. 1982; De Vries, 1981; Do Campo and Mareno, 1984). 
Radicals have been suggested to be involved in ischaemia and in 
degenerative arterial disease (Wilson, 1976). 
Stress and Free Radical Metabolism: 
Free radical reactions are ubiquitous in living beings because 
of the high chemical reactivity of the intermediates. Various 
pathways are known by which free radicals can mediate cellular 
toxicity. The action of free radicals on biological system has the 
potential for disturbing the balance of pro-oxidants and anti-oxidants. 
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An alteration in this balance in the favor of pro-oxidant is known as 
oxidative stress (Sies, 1985). To control and reduce the free radical 
induced cellular damage, the organism has a compensatory 
mechanism, which comprises the most important variables in 
controlling or preventing free radical reactions. These defenses 
include some naturally occurring antioxidants as well as exogenous 
agents that have been proved useful. Some of these are water soluble 
or confined exclusively to non-polar environment such as ascorbic 
acid (Vit C) and tocopherol (Vit E) - respectively. The other 
antioxidants that have received maximum attention in biological 
systems include selenium and the thiol containing compounds like 
glutathione and the enzymes of glutathione cycle (Flohe et al., 1976; 
Kosower and Kosower, 1978). Antioxidants are divided into two main 
classes: 
i. Preventive antioxidants: These antioxidants interfere with 
initiation of the free radical chain reaction, e.g. catalase and 
other peroxides and the chelators of metal ion. 
ii. Chain Breaking antioxidants: They interfere with chain 
propagation. They comprise superoxide dismutase (SOD), 
which acts in the aqueous phase and reduces the superoxide 
anion. 
Antioxidant and free radical scavenging system exists in the 
cell to protect against the damaging effects of free radicals produced 
as a part of normal cell respiration and other cellular processes such 
as inflammatory response (Flohe et al., 1973; Willson, 1980. 1983. 
Cohen, 1984, Tappel, 1984; Kaplotiwitz et al.. 1985). The 
involvement of free radicals and free radical reaction have been 
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Fig. 5: Biological antioxidant defense systems. 
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especially life limiting (Pryor, 1987). Role of reactive oxygen species 
have been reported in some emotional stress models (Guliaeva et al., 
1988; Deviatkina et al., 1989; Sasnovosky and Kozlov, 1992) and in 
oxidative stress related diseases (Sies, 1991). Oxidative damage to 
lipid, protein and DNA in the brain has been observed during 
immobilization stress (Liu et al., 1996). 
Superoxide dismutase (SOD: EC 1.15.1.1) 
All aerobic organisms utilized O2 and must have some 
mechanism by which they can minimize O2 toxicity. One mechanism 
is the production of superoxide radical and its dismutation reaction, 
catalyzed by the enzyme superoxide dismutase (Harman. 1956, 1971). 
The superoxide aniomis a free radical formed by one electron transfer 
to oxygen. {o£'^ 
•7 
Superoxide dismutase (SOD) catalyzes the dismutation between 
two moles of superoxide anion to yield one mole of oxidized product 
(oxygen) and one mole of reduced product (hydrogen peroxide) (Klug 
et al., 1972). 
O'V 02"*+ 2H^ -> O2 + H2O2 
This is analogous to the dismutation of hydrogen peroxide to 
oxygen and water catalyzed by catalase, electrostatic repulsion 
between two molecules of superoxide anion limit their approach to 
one another; SOD overcomes the barrier and greatly increases the 
dismutation rate (Fridovich, 1976, 1978). 
Several forms of SOD have been identified since McCord and 
Fridovich first discovered the enzyme in 1969. They identified the 
<^  
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enzymatic activity associated with erythrocuprein, a copper-zinc 
protein of erythrocytes. The copper is associated with enzymatic 
activity, whereas the zinc is structural. Similarly, SOD activity is 
associated with a family of Cu-proteins, cerebrocuprein in brain and 
hepatocuprein of liver (Fried, 1979). In mammalian tissues, a second 
form exists in which manganese is the prosthetic group (Fridovich. 
1976). In rats and mice the Mn SOD is localized to mitochondria, 
whereas Cu-Zu SOD is cytoplasmic. However, this distribution does 
not hold in other species. 
Fried and Mandel (1975) indicated that very high levels of 
SOD activity are present in liver, while the adrenals, kidney and red 
blood cells have intermediate activity and lower activities were found 
in most other tissue including brain. 
Superoxide dismutase (SOD) in various tissues of rats appears 
to protect against the toxic effects of oxygen free radical-generated 
by its further reaction with cellular component (McCord et al., 1971; 
\ ^ Fridovich. 1975). It is the first cnzvmc of scavenger enzyme series to 
^ ameliorate the damage caused in cells by free radicals (Slater, 1984). 
Singlet oxygen}and superoxide radical are potentially toxic to living 
cells as they can participate in the oxidation of cell macromolecules 
like protein, lipids etc. in case of leak from the original oxidation 
reaction (King et al., 1975). Superoxide anions are generated during 
interaction of molecular oxygen with flavins, NADH, glutathione 
peroxidase and catecholamines (Misra and Fridovich. 1972; Heikkila 
and Cohen, 1973). Immobilization stress induces antioxidant defense 
changes in the plasma of rats (Liu et al.. 1994). Several workers have 
reported the role of oxygen free radical in restraint stress induced 
gastric lesions and the role of SOD in clinical studies on stress 
gastritis prophylaxis (Kayabali et al., 1994; Li and Zhang, 1993). 
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Catalase (EC 1.11.1.6): 
Most purified catalases have been shown to consist of 
four protein subunits, each of which contains a haem (Fe (III)-
protoporphyin) group bound to its active site. Dissociation of the 
molecule into its subunits. which easily occurs on storage, freeze-
drying. or exposure of the enzyme to acid or alkali, causes loss of 
catalase activity. The three-dimensional structures of catalase from 
beef liver and from the fungus Penicillium vitale have been 
determined by X-ray crystallography. 
It exist to remove hydrogen peroxide within cellSj,,;*^ catalyses 
the reaction: 
2H202->2H20+02 
Immobilization stress was found to decrease the activities of 
catalase and glutathione peroxidase in rats (Kostic et al., 2000). 
Glutathione: VKW L ^ ^ 
Glutathione has been considered to function as biological 
antioxidant. Its role in the destruction of the free radicals has been/ 
reported (Sohal et al., 1984). Several workers/have also reported the 
role of glutathione in cellular protection during aginguPruche et al., 
199T|'. Combined action of glutathione and superoxide-dismutase 
(SOD) form an integral component of cellular antioxidant defense 
(Munday and Winterborn, 1989). Enhanced level of lipid peroxides 
alongwith depletion of glutathione has been observed (Younes and 
Sieger, 1980; Katoh et al., 1989). Glutathione inhibits the oxidative 
stress induced by different compounds like ascorbate, NADPH-
BrCCb and NADHPH-Fe^* (Wefers and Sies, 1988; Tampo and 
Yanaha, 1990). It plays a protective role in rats against toxic oxygen 
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species generated by hyperoxia (Van et al., 1985). Glutathione is 
essential for the repair process in brain exposed to oxidative damage 
by free radicals (Pellmar et al., 1992). Depletion of glutathione 
during immobilization stress, stimulate oxidants and oxidative 
damage thus leading to degenerative diseases of aging including 
brain-dysfunction (Liu et al., 1996).^Some worketVliaVe"implicated 
the loss of antioxidai\i,filutathione in the pathogenesis of Parkinson's 
disease (Drukarch et al., 1996)1 It has been reported that reduced 
glutathione (GSH) is decreased after intragastric feeding of khat in 
rabbits (Farag et al., 1989). 
Glutathione-S-transferase (GST:EC 2.5.1.18): 
Glutathione-S-transferase is a non-selenium dependent 
glutathione peroxidase (Sies et al., 1979). It was first identified in 
1961 (Booth et al., 1961; Coombs and Stakelum, 1961). The enzyme 
was subsequently named glutathione-S-aryltransferase. Later on, 
several other GSTs were demonstrated depending upon the substrate 
specificity. Following types of GSTs have_lbeeR described so fai\ 
i. Glutathione-S-alkyltransferase, catalyzing the conjugation of a 
variety of alkylhalides with glutathione (Johnson, (1966). 
ii. Glutathione-S-epoxide transferase, active towards the 
conjugation of variety of alkylhalides with glutathione 
(Boyland and Williams,(l96^ 
iii. Glutathione-S-alkene transferase, catalyzing the conjugation of 
unsaturated compounds with glutathione. 
The enzymes are almost ubiquitous in nature, and GST activity 
has been identified in man, non-human primates, rats, mouse, 
hamster, guinea pig, chicken, cow, sheep, trout and shark 
24 M \w-
(Mannervik, 1985). The concentration of GST is, in general, high in 
mammals (upto 10% of cytosolic proteins in (^mne organg), in other 
species (shark) the level of activity is quite low (Sugiyama et al.. 
1981). In addition, it is generally present in most mammalian organs. 
Glutathione-S-Transferase (GST) was found reduced in rats 
with denervation of the liver, thus confirming the role of the 
peripheral nervous system (Spiridonov et al., 1989). It has a major 
role in the detoxification of oxyradicals and their products 
(Mannervik and Danielson. 1988). Brain GST plays an important role 
in the detoxification of potential toxicants through their conjugation 
and biotransformation (Booth et al.. 1961; Boyland and Chasseaud, 
1969; Dixit et al., 1980; Kubota et al., 1985). Greater accumulation 
of the toxic compounds inhibits the GST activity (Boyland and 
Chasseaud, 1969). GST has been also reported as tumor marker 
enzyme for detection of initiated cells during liver carcinogenesis 
(Tatematsu et al.. 1988). W^^Vee^^ w > ^ G ^ ^ w X ^ y A^C^^ 
^ . i v 5 f ^ ^ ^ - > - ^ i ^ ' ^ c ^ ^ ^ UV^Wv^ 
Uric acid: 
Uric acid can act as an antioxidant, both by binding iron and 
copper ions in forms that do not accelerate free radical reactions, and 
K ^ by directly scavenging oxidizing species such as oingktH);. (N)0C1. 
and peroxyl radicals (Ames et al., 1981; Davies et al.. 1986). 
Uric acid also reacts with(^mFoxidant^ />? vivo (Grootveld and 
Halliwell, 1987). However, reaction of uric acid with certain 
oxidizing species, such as 'OH or peroxyl radicals, can generate uric 
acid radicals that are themselves capable of doing biological damage 
e.g., by inactivating certain enzymes (Kittridge and Willson, 1984; 
Aruoma and Halliwell, 1989). 
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Immobilization stress can induce a hyperuricemic state in rats, 
and also increasing the purine catabolite by involvement of 
endogenous catecholamine (Yonetani et al., 1979), or by increasing 
xanthine oxidase activity in rats (Kovacheva and Ribarov, 1998). 
Cortisol: 
Cortisol is a corticosteroid hormone, which is secreted from the 
adrenal cortex. The hormones of the pituitary adrenocortical axis are 
involved in the regulation of functions of the central nervous system 
(Holsboerm, 1989). They not only coordinate the neuroendocrine 
processes to stress itself, but also affect psycho-physiological 
processes. In 1936 Selye observed that diverse noxious agents cause 
an enlargement of the adrenal cortex as a consequence of the "stress 
syndrome". Yates and Maran (1974) reported that a variety of 
stressful events cause a release of ACTH from the anterior pituitary. 
The secreted ACTH stimulates the synthesis of corticosteroids in the 
adrenal cortex. The elevated corticosteroid levels in plasma inhibit 
the further release of ACTH from the pituitary. In a series of elegant 
experiments, Harris (1948) demonstrated that the release of ACTH 
from the pituitary is regulated by a corticotropin-releasing factor 
(CRF) from the hypothalamus. The CRF synthesized in the 
hypothalamus reaches the pituitary by a private portal blood supply. 
It then stimulates the secretion of ACTH from the pituitary. CRF is a 
41 amino acid peptide (Vale et al., 1981), and was thought to be the 
major, if not the sole means, of releasing ACTH from the pituitary. 
ACTH can also be released and regulated by catecholamines and 
other hormones (Axelrod and Reisine, 1984). 
There have been a number of investigations using Cortisol to 
assess the reaction of the pituitary-adrenocortical axis under various 
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conditions, Lundberg and Frankenhauser (1980) found increased 
Cortisol levels in situations which were accompanied by boredom, 
impatience and tiredness (vigilence task). In situations characterized 
by a high controllability and predictability (self-placed RT task), 
Lehmann et al. (1992) reported an adrenocortical suppression. 
Furthermore, there is increasing evidence that Cortisol modulates 
brain function in humans. This principal endogenous glucocorticoid 
in humans increases slow-wave sleep and decreases rapid-eye-
movement sleep (Born et al., 1991). There is some evidence that 
heart rate changes are accompanied by Cortisol changes dependent on 
personality. Furthermore, an increasing heart rate is related to 
increasing difficulty of a task (Eason and Dudley, 1970; Carrol et al., 
1986). 
Transaminases (Aminotransferases): 
The transaminases constitute a group of enzyme that catalyzes 
the interconversion of amino acid and a-ketoacid by transfer of 
amino group. The a-ketoacid glutarate/L-glutamate couple serves as 
one amino group acceptor and donor pair in all amino transfer 
reactions; the specificity of the individual enzymes derives from the 
particular amino acid that serves as the other donor of an amino 
group. 
Aspartate transaminase (GOT: EC 2.6.1.1) has been isolated 
from the thermophilic microorganism Bacillus isothermophillus \ \^^ 
(Bartsch Klaus et al., 1996). In viral hepatitis and other forms of / 
liver diseases associated with hepatic necrosis, serum GOT andlf}?!^ 
(EC 2.6.1.2) are found elevated even before the clinical signs and 
symptoms of disease appear (e.g. jaundice). Five to ten fold 
elevations of the two enzymes occur in patients with primary or 
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metastatic carcinomas of liver, with GOT usually being higher than 
GPT (Vinitha et al., 1995). Rapid increase in the activities of the two 
enzymes in serum have been reported during restraint stress (Sun et 
al.. 1995) and a slight or moderate elevations of both SOOT and 
SGPT activities may be observed after intake of alcohol and after 
administration of a variety of drugs (e.g. ampicillin) (Norbert, 1996). 
Creatine Kinase (CK: EC 2.7.3.2) 
This enzyme, also referred to as ATP-creatine N-phospho-
transferase. catalyzes the reversible reaction: 
NH CH3 . O N NH CHj 
C K •: 'i • - o 
H 2 N — C — N CHj—COO + ATP ^ O — P — N — C — N — C H j " C O O + ADf 
OH 
Creatine Creatine phosphate 
I he concentration 1 is very high in skeletal muscle and 
myocardium, appreciable amountj^l ^re^' found in the ^vairK tiny 
amoun^are found in a few (^ Th^ er orga^ns, while none is found in the 
liver) Many studies have shown that CK values are high in patients 
with myocardial infarction, progressive muscular dystrophy and 
alcoholic myopathy,, but normal in patients with hepatitis and other 
forms of liver disease!. Isoenzymes of CK were detected by Roberts 
^ , ^^ (Roberts. 1979). The physiochemical properties of CK found in 
"X^ A V ^ extracts of the human heart, brain, and skeletal muscle differ. 
, Enzyme in the brain (CK| or BB) moves most rapidly toward the 
anode; that in skeletal muscle (CK3 or MM) moves most slowly. 




The CK, (BB) fraction of CK has been found to be present in 
significant concentration in the serum and pleural fluid of patients 
with carcinoma of the lungs and prostate (Petterson et al., 1981). 
The users of Khat are exposed to a variety of other harmful 
substances such as tobacco, alcohol and tranquilizers (Macigo et al.. 
1995; Workneh, 1983; Zein, 1988). In the absence of systematic 
study on the exclusive effects of Khat in humans, the studies on 
clinical disorders conducted on abusers of Khat appears to be 
insufficient to present a correct estimate of Khat alone. The toxicity 
<^. of Khat and its phytoconstituents still need thorough investigation. 
which will help to introduce effective control andjrelieve several * 
J^ j;-^millions of people from this pernicious habit^xft would prevent 
o ^ ydeterioration of social and economical conditions in the concerned 
^ vi'' countries. Khat chewing is found to have aTsuljjecUve effect) on*^^ 
ry 
human beings (Kalix, 1987); also large number of medical problems 
jj- has been reportedj^n KhaLXlke^ers (Kalix, 1990)/Free r a ^ T ^ 
^j free radical reaction have been observed in the etiolog\ and 
c ^
rS<^ development of a number of diseases, especially life limiting (Pryor. 
1987)/.'TA'en though, various studies have been carried out on the 
pharmacological actions of khat but the effect of khat or its 
constituents on stress induced changes in oxidant and pro-oxidant 
status in rats has not yet been worked out in details. 
Repeated immobilization stress is a well-defined method for 
the production of chronic stress (Kvetnansky et al., 1970). it has also 
been shown to bring about antioxidant defense changes in the plasma 
of rats (Liu et al., 1994). Thus, imrpobilization stress was chosen in 
the present study as it combines emotional stress (escape reaction) 
and physical stress (muscle work), resulting in both restricted 




In light o^above, lacunae, the present study was undertaken to (see/ 
the effect of khat and its main constituents, flavonoids/alkaloids 
alone and in the presence of stress (both Pre and Post exposure) in 
terms of alteration of circulating free radical 
metabolizing/scavenging enzymes Ijjce SOD, GST and catalase and 
the levels of uric acid, glucose,(MDi^', reduced glutathione. SGPT, 
(2^ SOOT, creatine kinase and Cortisol on rats. 
'^ 4" v^  
V"/ For analyzing the effect of khat on biomolecules under in vitro 
conditions, v^^A^ calf thymus DNA and plasmid DNA pBR322 were 
. selected. Moreover, the effects of various free radical scavengers like 
, sodium azide, potassium iodide, thiourea and sodium formate were 
V 
^ > also studied on the khat induced degradation of the abov e-mentioned 
^ protein and nucleic acids. 
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The effects of khat on various biochemical parameters were 
studied under both in vivo and in vitro conditions. Male Albino Wistar rats 
were selected for the experiments conducted under in vivo conditions. The 
rats weighing 180-220g were housed in a room at 20-24°C and were 
maintained under standardized condition of light (12h L; 12h D) and on a 
Purina diet and water ad libitum. Rats were kept at laboratory conditions for 
1 week prior to the experimentation. 
Extract of khat at various doses/days were given to them orally 
through catheter. Both circulating and tissue levels of various biochemical 
parameters like superoxide dismutase, catalase, glutathione-s-transferase, 
glucose, uric acid, MDA. reduced glutathione, SGPT, SGOT, Creatine 
kinase and Cortisol were determined. 
For the phytochemical study the major constituents of khat were 
separated and similar studies were carried out as mentioned above. 
Further the modulation of restraint stress induced oxidative 
damage was also evaluated by pre and post khat treatment. 
Preparation of Cat/ia edulis extracts: 
500gm leaves and stem tips (dry) were soaked into 1 L distilled 
water. It was kept at room temperature for overnight, and then heated for 15 
minutes on the water bath. Plant material was separated by filtration. Filtrate 
^obtained was evaporated under reduced pressure till drynes^. Dry aqueous 
extract obtained by this method was dark brown gummy in nature (lOgm). 
Preparation of alkaloid and Flavonoid fractions: 
A sample of powdered dried leaves (500 gm) was soaked in methanol 
(IL) for one week. The methanol extract was evaporated under reduced 
pressure. The residue obtained was then dissolved in ethyl acetate (IL). This 
ethyl acetate solution was repeatedly subjected to extraction with 5 % 
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aq.HCl (3x100 ml) until the extract showed a weak reaction with 
Dragendorffs reagent, (Dragendorff s reagent consisted of two stocks, 
A«&;B. Stock A contained 0.6 gm Bismuth subnitrate dissolved in 2 ml 
concentrated HCl and 10 ml distilled water was further added to it. 6 gm 
Potassium Iodide was dissolved in 10 ml distilled water to yield stock B. 
Now the two stock solutions were mixed and 7 ml of concentrated HCl and 
15 ml of distilled water was added to the mixture of the stock solutions. The 
volume was then made up to 400 ml with distilled water). 
The acidic solution, after extraction with diethyl ether (500ml x 3). was 
(I neutralized with 25 % NH3 to PH 9-10'and exhaustively extracted with 
chloroform. The combined chloroform extracts were washed twice with 
water, dried oven sodium sulfate, and evaporated to dryness to yield a crude 
^3ts€ alkaloid extract (800 mg). After getting the whole alkaloid fraction, the 
remaining part of the extract was further neutralized by adding few drops of 
concentrated HCl and then it was again exhaustively extracted with ethyl 
acetate to remove all phenolic components. The whole process was repeated 
four to five times until the ethyl acetate soluble extract showed no reaction 
with ferric chloride. Alkaloid extract showed three spots on TLC in 
benzene-acetone (l:lj) when sprayed with Dragendorffs reagent, while the 
ethyl acetate extract showed at least 5 to 6 phenolic compounds (Flavonoids) 
on TLC in toluene: ethyl formate: formic acid (5:4:ll) when sprayed with 
alcoholic solution of FeCl3 and seen under UV light. 
Effect of khat treatment: 
The animals were classified into 5 groups of 15 rats each. The 
controls group rats were given 2 ml of saline orally per kg body weight. The 
experimental rats received a dose of^ JOOT^ OOTTOO and 900 mg^ o^f khat per 
kg body weight orally each day for 5 successive days. Another groupQ.^'^^^ 
received a single dose of these quantities of khat and was sacrificed after 3 
hrs. 
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Effect of stress on khat consumption: 
Immobilization stress was accomplished by placing individual 
animals in wire mesh cages of their size attached to a wooden board. The 
rats were deprived of food and water during stress exposure (Hasan and Ali, \^ 
^ ^ < J ^ 
1980).jThe rats were exposed to 2, 4, 6 and 12 hours of restraint stress. For 
further studies a 4 hour stress period was selected. , _ '^^  
t \ The animals were subjected to a 4 hr stress period beginning at the 
^ ^ / -— —-^.^^-U'-'^ 
^V^ same time each day fo/2 and 10 days, and then sacrificed 30 min after the 
last session. Controls were handled at the same time as the stressed animals 
and were placed in individual cages during the corresponding time. 
For the repetitive stress plus drug challenge studies the animals were 
J / divided into two groups. One received the drug 30 min prior to 4 hrs stress 
session (post stress khat treated) while the other group received the drug 30 
'min after the session (pre stress khat treated). The animals were subjected to 
'these sessions (at the usual time daily) as described above for 2 and 10 days. 
Effect of major constituents of khat and stress on various biochemical 
parameters: 
The major constituents of khat were separated as mentioned 
elsewhere. The rats were treated with alkaloid (200mg/kg body weight) and 
flavonoid (200mg/kg body weight) similarly as the khat treated groups 
mentioned above. The effect of stress was also evaluated on these 
Quantitative Estimation of Protein (Lowry et al., 1951) 
A suitable aliquot of the protein sample was diluted to 1ml with 
distilled water. To this was added 5.0 ml freshly prepared alkaline copper 
reagent. The alkaline copper reagent was prepared by mixing 0.5% copper 
sulphate 1% (w/v), sodium potassium tartarte 2% (w/v), and sodium 
carbonate in 0.1 N NaOH in the ratio of hlrlOO. After incubation for 10 
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minutes at room temperature, 0.5 ml of 1 N Folin's reagent was added. The 
contents were rapidly mixed and color intensity was read after 30 minutes 
against reagent blank at 660 nm. The concentration of protein in the samples 
was determined using standard curve with BSA. 
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Methods for estimation of various biochemical parameters: catalase, 
SOD, GST, glucose, uric acid, MDA, SGPT, SOOT, CK, GSH and 
Cortisol were estimated by known standard methods as mentioned 
below: 
Catalase (EC 1.11.1.6) 
(Beers and Sizer, 1952) 
Principle: 
The enzyme catalase catalyzes the following reaction 
2H2O2 '"''^'"i 2H2O+O2 
In the UV range H2O2 shows a continual increase in absorption with 
decreasing wavelength with a maximum at 240 nm. The decomposition of 
Hydrogen peroxide was followed by the loss of its light absorbance at 240 
nm. 
Procedure: 
, S^ A 30 mM ^ ^ y d r o g e n peroxide was prepared in 50 mM Potassium 
'"^^^""^phosphate buffer (pH 7.0), 3.0 ml of H2O2 phosphate buffer was pipetted 
info cuvette, 0.025 ml of (samples) were added as enzyme source, and the 
contents were mixed thoroughly. The decrease in absorbance at 240 nm was 
recorded after every 30 seconds for 3 minutes. 
Calculation: 
The specific activity of catalase is defined in terms of micromoles of 
hydrogen peroxide consumed per minute per milligram of protein sample. 
The conversion of initial velocity (change in absorbance at 240 nm/min) to 
catalase specific activity is done as follows: 
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AA^in"' X 1000 
Specific Activity (units/mg) = - -
43.6 X mg protein / ml reaction mix 
where 43.6 M'' cm'' represents the molar extinction coefficient of hydrogen 
peroxide. 
Superoxide dismutase (EC 1.15.1.1) 
(Marklund and Marklund, 1974) 
Principle: 
Procedure depends upon autoxidation of pyrogallol: 
Pyrogallol + O, ""'"^'^"""i^ oxidation products + Or 
207+ 2H^ ^""» O2+H2O2 
The increase in absorbance was recorded at 420nm. 
Procedure: 
Tissues were homogenized (10% w/v) in chilled 0.15M KCl and 
centrifuged in cold at 10.000 rpm for 15 min. To 0.05 ml of supernatant 2.85 
ml 0.05 M iris-succinate buffer (pH 8.2) was added, mixed well and 
incubated at 25°C for 20 minute. The reaction was started by adding 0.1 ml 
of 8 nM pyrogallol solution. Change in absorbance per minute was 
immediately recorded for initially 3 minutes at 420 nm on Beckman DU-6 
UV/VIS spectrophotometer. A reference set consisting of 0.05 ml distilled 
water instead of the sample solution, was also run simultaneously. 
Calculation: 
(AA/min ref - AA/min sample) x 30 
SOD Activity = -
(AA/min ref/2x0.05 x units/10 mg tissues 
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Where AA/min ref = Change of absorbance per min. in reference set. 
AA/min sample = Change of absorbance per min in sample. 
Activity Unit: One unit of the enzyme is defined as the amount of enzyme 
which causes 50% inhibition of pyrogallol autoxidation under assay 
conditions. 
Glutathione-S-Transferase (EC 2,5.1.18) 
(nahig eial., 1974) 
Principle: 
The enzyme activity is measured by following the increase in 
absorbance at 340 nm of CDNB-GSH conjugate generated as a result of GST 
catalysis between glutathione and l-chloro-2,4-dinitro# benzene (CDNB). 
CDNB + GSH °^^ „ CDNB — GSH conjugate 
Procedure: 
Different tissues of rats were homogenized in chilled 0.1 M phosphate 
buffer pH 6.5 (10% w/v) and centrifuged in cold for 15 min at 15000 rpm. 
To 0.1 ml of supernatant, 2.7 ml glutathione solution (0.1 M in phosphate 
buffer, pH 6.5) and 0.2 ml CDNB (1.0 mM in acetone) were added and 
mixed thoroughly. The change in absorbance at 340 nm was recorded at 
room temperature against blank containing all the reagents except the 
enzyme. Protein content in enzyme source was also determined by Lowry's 
method. 
Calculation: 
The values were calculated on the basis of molar extinction 
coefficient of CDNB (9.6 mM'' cm"') and specific activity of enzyme was 
expressed in nmoles of GSH-CDNB conjugate formed per minute per mg 
protein. 
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Creatine Kinase (EC 2.7.3.2) 
(Olivers, 1985) 
This test was done by using reagent kit from RECKON 
DIAGNOSTICS Pvt. Ltd. (India). 
Principle: 
The principle is based on coupled enzyme assay utilizing the 
enzymes, Hexokinase and glucose-6-phosphate dehydrogenase. Creatine 
Kinase, which catalyzes the formation of ATP from Creatine Phosphate and 
ADP: 
Creatine phosphate Creatine 
+ • + 
ADP ^^ ATP 
Glucose is converted to Glucose-6-Phosphate by Hexokinase using 
ATP as a source for phosphate moiety. Glucose-6-phosphate is oxidized by 
G-6PDH to 6-phospho- gluconate reducing NADP to NADPH. The reaction 
after the lag phase was monitored by the increase in absorbance at 340 nm 
and is directly proportional to the creatine kinase activity, (i.e. the formation 






















N-acetylcysteine acts as a thiol activator and Diadenosine 5' PentaX 1 
Phopsphate (DAPP) & Adenosine Monophosphate (AMP) inhibit the 
interfering myokinase activity. 
Procedure: 
1 ml of working reagent was prepared by mixing enzyme, activator 
and buffer (100 mM imidazole acetate buffer, pH 6.5, 30 mM 
phosphocreatine. 2 mM ADP, 20 mM D-glucose, 2 mM NADP^ 3500 U/L 
He.xokinase. 2000 U/L D-glucose-6-phosphate dehydrogenase, 5 mM AMP 
and 20 mM N-acetylcysteine). To this 0.05 ml of/serUm was added and 
mixed immediately. The reaction was followed by measuring absorbance at 
an interval of 30 seconds for 2 minutes at 340nm. 
Calculation: 
CK Activity (U/L) = F x AA/minute 
Where F = 3376 (based on the millimolar absorption of NADPH at 
340 nm). 
Aspartate transaminase (AST or SCOT) (EC 2.6.1.1) 
(Ladue r^ <?/., 1954) 
The activity of aspartate transaminase was measured using kit from 
RECKON DIAGNOSTIC PVT. LTD. (India). 
Principle: 
The principle was based on the reaction of L-Aspartate and alpha-
ketoglutarate in the presence of GOT present in the sample to yield 
oxaloacetate and L-glutamate. The oxaloacetate thus produced was reduced 
by malate dehydrogenase (MDH) to yield L-malate with the oxidation of 
NADH to NAD^. The rate of the reaction was monitored by measurement of 














The rate of decrease in absorbance of NADH is proportional to GOT activity 
in the sample. 
Procedure: 
1 ml of working reagent was prepared by mixing enzyme/ coenzyme 
and buffered substrate (90 mM Tris-buffer, pH 7.8. 200 mM L-aspartate. 2 
niM alpha-ketoglutarate, 600 U/L MDH and 0.15 mM NADH). To this 0.05 
ml of serum was added and mixed. After incubation at 37°C for 60 seconds, 
the absorbance at an interval of 30 seconds was recorded for 2 minutes at 
340 nm against distilled water taken as blank. 
Calculation: 
Serum GOT activity (lU/L) = AA/min x F 
where F = 3376 (based on the millimolar extinction coefficient of NADH at 
340 nm). 
Pyruvate transaminase (ALT or SGPT) (EC 2.6.1.2) 
(Henry et al., 1960) 




The GPT present in the sample reacted with L-alanine and alpha-
ketoglutarate to yield pyruvate and L-glutamate. Pyruvate thus produced was 
reduced by lactate dehydrogenase to yield lactate with the oxidation of 
NADH to NAD*. The reaction was monitored by measurement of the 












The rate of decrease in absorbance was proportional to GPT activity in 
sample. 
Procedure: 
The procedure was similar to SGOT except the difference was in 
enzyme/coenzyme and buffered substrates used (90 mM Tris-buffer, pH 7.3, 
200 mM L-alanine, 2 mM alpha-ketoglutarate, 2400 U/L LDH and 0.15 mM 
NADH). 
Calculation: 
Serum GPT activity (lU/L) 
Where F = 
A A/min x F 
3376 (based on the millimolar 
extinction coefficient of NADH at 
340 nm.) 
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Serum Cortisol (Breuer et al., 1976) 
The test is performed using Cortisol microtitre plate enzyme 
immunoassay kit. 
Principle: 
The Cortisol microtitre plate enzyme immunoassay (MP EIA) is a 
direct assay of limited reagent (competitive) design. A specific agent is used 
to displace Cortisol from serum binding proteins, thus making it available for 
binding by antibody. 
Procedure: A<f^ "^  V ' " ^ Y--^ 
50 |al of sample/or standard were added to the wells of ELISA plate. 
0.2 ml of Cortisol EIA enzyme label was also added: plates were covered 
then kept on a shaker for 2 hours. The plates were removed from shaker 
after the stipulated time and washed four times with 0.3 ml diluted Cortisol 
wash buffer, then 0.1 ml of Cortisol EIA substrate was added then wells were 
covered and placed on shaker for 20 minutes: the plates were then removed 
from shaker and 0.1 ml of Cortisol EIA stop solution was added. The plates 
were then placed on microtitre plate reader and the absorbance was recorded 
at 450 nm. 
Calculation: 
The concentration of Cortisol was expressed in terms of ng/ml. 
Uric Acid (Caraway, 1963) 
Principle: 
Uric acid in the protein free filtrate reacted with phosphotungstic acid 
reagent in the presence of sodium carbonate (alkaline solution) to form a 
blue colored complex. The intensity of the color was measured at 710 nm. 
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Procedure: 
For the uric acid assay, the deproteinisation of serum was done by 
talcing 1.0 ml of serum, 8.0 ml distilled water, 0.5 ml sulphuric acid (2/3 N) 
and 0.5 ml sodium tungstate (10% w/v). After mixing and standing for 10 
minutes, the mixture was centrifuged at 3000 rpm for 10 minutes. 3.0 ml of 
the supernatant was used for further assay. To this, 1.0 ml sodium carbonate 
(14% w/v) and 1.0 ml phosphotungstate were added. Standard tube was 
treated similar to sample containing 3.0 ml of working standard of uric acid 
(100 mg%), after mixing and standing in dark for 15 minutes. Absorbance 
was measured against the blank treated similar to samples containing 3.0 ml 
of distilled water that replaces the sample at 710 nm. 
Calculation: 
O.D. test 
Serum Uric Acid in mg/100 ml = x 10 
O.D. std 
Reduced glutathione (Nagi et al., 1992) (GSH) 
Principle: 
The assay is based on the reduction of 5,5'-dithiobis-(2- nitrobenzoic 
acid) (DTNB) by SH groups of glutathione to form 2-nitro-S-
mercaptobenzoic acid per mole of glutathione. 
Procedure 
0.5 ml of homogenate/(lg tissue/10 ml 0.9% NaCl)\was deproteinised 
by the addition of 0.5 ml of 5% perchloric acid. The mixture was then 
centrifuged at 3000 rpm for 5 min. To 0.1 ml of supernatant, 0.02 ml of 
DTNB (4 mg/ml in 0.1 M potassium phosphate, pH 8.0) and 1.88 ml of 0.1 
M potassium phosphate buffer (pH 8.0) was added. After mixing, the 
absorbance was read at 412 nm against the blank treated similar to samples 
containing 0.1 ml of distilled water that replaces the sample. 
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Calculation: 
The result was calculated using the product extinction coefficient of 
13.7 mM'' cm'' glutathione contents were expressed as (fimole/g tissue). 
Measurement of lipid peroxidation (Ohkawa et al., 1979) 
Principle: 
One molecule of malondialdehyde (MDA) reacted stoichiometrically 
with two molecules of 2-thiobarbituric acid (TBA) at pH 3.5 according to 
the following mechanism: 
OH CHO O" ° " 
TBA Product 
The pink chromogen can be detected spectrophotometrically with 
extinction coefficient of 156 mM'' cm'' at 532 nm. 
Procedure: 
The final volume of the reaction mixture was 4 ml, which consisted of 
1.5 ml acetic acid (20%), 0.2 ml SDS (8.1%), 1.5 ml TBA (0.8%), 0.7 ml 
distilled water and 0.1 ml of tissue homogenate (10% w/v). It was incubated 
at 95°C for 60 min, then cooled and centrifuged at 4000 rpm for 10 min. The 
optical density of MDA formed was read in the supernatant at 532 nm 
against the blank, treated similarly containing 0.1 ml of distilled water 
instead of the sample. The protein concentration in each sample was 
determined by the method of Lowry et al. (1951). 
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Calculation: 
The values were calculated on the basis of molar extinction 
coefficient of MDA 156 mM"' cm"' and the results were expressed in nmoles 
of MDA formed per mg protein. 
Determination of glucose (Trinder, 1969) 
Principle: 
For estimation of glucose, coupled enzymatic method was employed. 
The aldehyde group of glucose was oxidized by glucose oxidase to give 
gluconic acid and hydrogen peroxide, which was broken to water and 
oxygen by peroxidase. The oxygen, thus produced reacted with 4-
aminophenazone in the presence of phenol to form a pink colored 
compound, the intensity of which was determined at 530 nm. 
Procedure: 
Four sets of tubes were taken as unknown (test sample), standard (in 
duplicate) and blank, 3 ml of glucose reagent (glucose oxidase, peroxidase, 
4-aminophenazone. sodium azide and phenol reagent) was added to each test 
tube, 0.02 ml of serum, 0.02 ml of glucose standard (100 mg/di) and 0.02 ml 
of distilled water were added to the tubes respectively. The reagents were 
mixed and tubes were kept at "iTC for 15 minutes. The intensities of the 
color produced were recorded at 530 nm. 
Calculation: 
A unknown 
Serum glucose = x 100 
(mg/dl) A standard 
where A = Absorbance at 530 nm. 
45 
(a) Effect of khat on BSA: / 
The reaction mixture consisted of protein (3 mg/ml) and khat extract 
(15, 30, 100 an<fT20m '^^  prepared as described earlier, in a total volume of 1 
ml. After incubation at 37 °C for 3 hours, the reaction was terminated by the 
addition of 0.25 ml of SDS-sample dye that contained 62.5 mM Tris-HCl 
(pH 6.8), 10% (v/v) glycerol, 2% (v/v) P-mercaptoethanol and 0.001% (w/v) 
bromophenol blue. A protein sample without khat as coiUxGlwas also run for 
the same period of time. In some experiments, u00 mM^f free radical 
scavengers like sodium azide, potassium iodide, thiourea and sodium 
formate were included in the reaction mixture of protein with khat extract as 
indicated. The samples thus prepared were incubated at 37°C for 45 minutes, 
and boiled for five minutes before loading to SDS PAGE. 
V (b) Separation of degraded protein by SDS-PAGE: 
The samples were separated on 10% (w/v) SDS-polyacrylamide gels 
essentially performed by the method of Laemmli (1970). The khat treated 
samples and rintreated BSA were loaded on the gel. Electrophoresis was 
performed at 100 V till the tracking dye reached the bottom of the gel. 
Running buffer used during electrophoresis contained 1% SDS in addition to 
192 mM glycine and 25 mM Tris-HCl pH 8.8. After the electrophoresis was 
complete, protein bands were detected by staining the gels with 0.1% 
Coomassie brilliant blue R-250 in 40% methanol and 10% acetic acid. 
Destaining was carried out with 10%o glacial acetic acid. 
Treatment of supercoiled plasmid pBR322 DNA with khat extracts: 
Reaction mixture (30^ll) containing 10 mM Tris-HCl (pH 7.5), 0.5^g 
of pBR322 plasmid DNA and khat extract (1.5 and 3mg) were incubated for 
three hours. The reaction was terminated by adding 10)il of tracking dye, 
containing 40 mM EDTA, 0.05% bromophenol blue and 50% (v/v) glycerol. 
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The mixture was then subjected to electrophoresis on 1% agarose gel for 2 
hours. After this, the gel was stained with ethidium bromide dye (0.5}ig/ml), 
and viewed on UV transilluminator (Photodyne, USA) and photographed. 
Preparation of Pea Seeds Nuclease: 
For pea seed nuclease preparation, the method of Wani and Hadi 
(1979) was followed with slight modification. 
Pea seeds were allowed to germinate after surface sterilization by 
0.01% HgCl2. Germination was carried out for 7 days at 25±5°C. The 
seedlings were removed after 7 days and the crude homogenate was 
prepared by suspending 88 grams excised embryo axes in three volumes of 
Tris-HCl buffer (0.02 M, pH 8.0) containing 0.00IM P-mercaptoethanol. 
Then they were grounded in a chilled warring blender under cold conditions. 
The slurry was passed through cheesecloth and the filtrate was then 
centrifuged at 10,000 g for 10 minutes. The supernatant was subjected to 
40% and 80%> ammonium sulfate fractionations. The precipitate was 
removed after centrifugation at 15,000 g for 20 minutes and dissolved in 60 
ml of the buffer A. Sixty ml of dissolved precipitate was extensively 
dialyzed against 3 changes of buffer A, and finally against buffer B (0.01 M 
Tris-HCl, pH 7.5) for 12 hours each. 
Digestion of Calf Thymus DNA by khat extract and Pea Seeds Nuclease 
(Schneider, 1957) 
The experiment was performed to determine the acid soluble 
nucleotides released from DNA if any as a result of damage caused to DNA 
by khat using pea seed nuclease digestion. Native calf thymus DNA 
prepared in 10 mM Tris-HCl was incubated with varying concentration of 
khat (50, 100, 150 and 200mg) at 37°C for overnight. The reaction mixture 
for pea seed nuclease digestion contained in a total volume of 1.0 ml, 0.1 M 
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Tris-HCl, pH 7.4, 0.001 M MgC^, distilled water and enzyme. The reaction 
mixture was incubated for 2 hours at 37°C. At the end of the incubation the 
reaction was stopped by adding 0.2ml of lOmg/ml BSA, mixed thoroughly 
by shaking, and then added 1 ml of chilled 14% perchloric acid. The tubes 
were kept in ice for half an hour, and centrifuged to remove undigested 
DNA and proteins. 
To 1.0 ml aliquot, 2.0 ml diphenylamine reagent (freshly prepared by 
dissolving 1 gm of recrystallised diphenylamine in 100 ml of glacial acetic 
acid and 2.75 ml of concentrated sulfuric acid) was added. The tubes were 
heated in a boiling water bath for 20 minutes. The intensity of blue color 




Two types of controls were included in the present study, untreated controls 
and normal saline treated controls. A slight difference in the levels of 
biochemical parameters was observed in these two. 
In the normal saline treated controls, all antioxidant enzymes like SOD. 
catalase and GST as well levels of GSH and glucose were slightly decreased 
while the MDA levels were increased insignificantly as compared to untreated 
controls. Highest activities of SOD and catalase were found in the liver, while 
lowest in the heart and brain tissues respectively. 
Effect of khat consumption: 
1. Effect of khat at various doses (200, 400, 700 and 900 mg/kg body 
weight). 
(a) A single oral dose of khat with varying concentration (200, 400, 700 and 
900 mg/kg body weight) was given to rats; the rats were sacrificed after 3 hrs. 
Serum and various tissues were subjected for the estimation of above 
mentioned biochemical parameters. A dose dependent gradual change was 
observed in all the biochemical parameters. 
The circulating activities of SOD and GST were decreased in all the groups, 
but significant decrease at the doses of 700 mg/kg (SOD p < 0.01) and 900 
mg/kg body weight (SOD;? < 0.001; GSTp < 0.01) was observed as compared 
to'n^aline treated controls. An insignificant but gradual decline in the activity of 
catalase was observed from low dose to high doses of khat (Table. 1 Fig. 6a). 
Glucose levels decreased significantly {p < 0.02) at 900 mg/kg doses, while an 
insignificant increase in uric acid was observed (Table. 2 Fig. 6b). The 
circulating activities of SGPT, SGOT and CK were significantly increased in 
400 (SGPTp < 0.01; SGOT/? < 0.001), 700 (SGPT and SGOTp < 0.001; CK/7 
< 0.01) and 900 mg/kg body weight doses (SGPT, SGOT and CK/? < 0.001) as 
compared to their respectivefiv>saline treated controls. The levels of Cortisol 
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showed a significant increase at 400, 700 (p < 0.02) and 900 mg/kg doses (p < 
0.01) as compared to controls (Table. 3 & 4 Fig. 6). 
An insignificant decrease of SOD, GSH and catalase activities were 
observed in all the tissues (heart, brain and liver) of each group while an 
insignificant increase of MDA level was observed in comparison to their 
respective control tissues obtained from n-saline treated rats (Table. 5-10 Fig. 7-
9). 
(b) Different doses of khat (200, 400, 700 and 900 mg/kg body weight) were 
given orally once for 5 days and various biochemical parameters were 
determined in serum and brain, liver and heart tissues and a comparison was 
made with n-saline treated rats. 
The circulating activities of SOD, catalase and GST were decreased in all 
the groups, but significant decrease was observed at the doses of 700 (SOD and 
catalase p < 0.05) and 900 mg/kg body weight (SOD, catalase and GST p < 
0.02) in comparison to n-saline treated controls. Glucose levels were decreased 
significantly (p < 0.05) at 700 and 900 mg/kg body weight doses, while uric acid 
showed no significant increase as compared to their controls (Table. II & 12 
Fig. 10). 
In heart tissues, the activity of catalase and the levels of GSH were 
significantly decreased at 700 mg/kg dose (catalase p < 0.05; GSH p < 0.02) 
with an insignificant decrease in SOD activity, but at 900 mg/kg dose all these 
parameters were significantly decreased (SODp < 0.05; catalase p < 0.02; GSH 
p < 0.01), while the level of MDA was significantly increased at both 700 (p < 
0.01) and 900 mg/kg body weight doses (p < 0.001) as compared to their n-
saline treated controls (Table. 13 & 14 Fig. 11). Brain tissues showed a 
significant decrease in SOD, catalase activities and GSH levels at doses of 700 
and 900 mg/kg body weight {SOD p < 0.05; catalase p < 0.02; GSHp < 0.05), 
while MDA levels showed a significant increase at 900 mg/kg (p < 0.02) but not 
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at 700 mg/kg when compared to their respective control values (Table. 15 «& 16 
Fig. 12). A significant decrease in the activities of liver SOD, catalase and the 
level of GSH were seen at 700 (SOD p < 0.01) and 900 mg/kg body weight 
doses (SOD p < 0.01; catalase p < 0.02; GSH p < 0.05), while a significant 
increase in MDA levels was observed at 700 (p < 0.02) and 900 mg/kg body 
weight (/? < 0.01) as compared to their respective control values (Table. 17 & 18 
Fig. 13). Thus, maximum changes in the biochemical parameters were observed 
at higher doses of khat i.e. 700 and 900 mg/kg body weight. 
When a comparison of these biochemical parameters between various 
tissues was made, the SOD activity was significantly decreased in liver at 700 
and 900 mg/kg body weight doses {p < 0.01), while catalase activity was 
significantly decreased in all tissues at 900 mg/kg {p < 0.02) and in brain tissue 
at 700 mg/kg {p < 0.02). GSH levels decreased significantly in heart tissues at 
the dose of 900 mg khat/kg body weight as compared to other tissues, while 
MDA levels of heart tissues increased significantly {p < 0.001) when compared 
either with respective controls. 
2. Effect of khat consumption (700 mg /kg body weight) for different time 
periods (3 hrs, 2, 5 and 10 days). 
The circulating activities of SOD, catalase and GST and the levels of 
glucose were significantly decreased after consumption of khat for 5 days (SOD 
p < 0.05; catalase/? < 0.05; glucose/? < 0.05) and 10 days (SOD/? < 0.001; 
catalase /? < 0.001; GST p < 0.001; glucose p < 0.05), while uric acid was 
significantly increased a£b»r 10 days (/? < 0.001) as compared to their n-saline 
treated controls (Table. 19 & 20 Fig. 14). 
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Effect of khat on Pre/Post restraint stress exposure. 
1. Effect of restraint stress on various biochemical parameters: (2, 4, 6 and 
12 hrs of immobilization/restraint stress). 
Rats were exposed to restraint stress by immobilizing them in the cages 
of their size for 2, 4, 6 and 12 hrs. 
The circulating SOD, catalase and GST activities and the levels of glucose 
were significantly decreased after 4 hrs (GSTp < 0.05). 6 hrs (SOD/? < 0.001; 
catalase /?< 0.01; GST p < 0.01) and 12 hrs of restraint stress (SOD /? < 0.001; 
catalase p < 0.001; GST p < 0.01; glucose p < 0.05). while uric acid was 
increased after 12 hrs of restraint stress (p < 0.05) as compared to their non-
stressed controls (Table. 21 «& 22 Fig. 15). 
2. Effect of khat (700 mg/kg body weight) on pre and post restraint stress 
on rats: 
(a) Effect of khat (700 mg/kg body weight) on pre and post restraint stress on 
rats for 2 days: An insignificant decrease in the circulating activities of SOD, 
catalase and GSI and the levels of glucose with an increase in the levels of uric 
acid was observed when the rats were given a single dose of khat 700 mg/kg 
body weight prior and after exposure to 4 hrs of restraint stress once for two 
days. 
In the pre and post-stress khat treated rats an insignificant increase in all 
the circulating enzyme activities was observed as compared to stress alone 
treated rats, the increase was more in pre-stress khat treated rats. While the levels 
of glucose and uric acid were insignificantly decreased in pre and post-stress 
khat treated rats as compared to stress alone treated rats taken as control (Table. 
23«fe24Fig. 16). 
In heart tissues, the activities of SOD and catalase and the levels of GSH 
were significantly decreased in khat alone treated (SOD p < 0.05), restraint 
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stressed (SOD p < 0.02; catalase p < 0.02; GSH p < 0.02) and pre-stress khat 
treated rats (GSH p < 0.02), while MDA level was significantly increased in 
both khat alone treated (p < 0.02) and restraint stressed rats (p < 0.01) as 
compared to their respective controls (Table. 25 & 26 Fig. 17). 
A significant decrease of the brain activities of SOD and catalase was 
observed in khat alone treated rats (SOD p < 0.02). restraint stressed rats (SOD 
p < 0.001; catalase/7 < 0.01) and pre-stress khat treated rats (catalase p < 0.02). 
while there were no significant changes in the levels of GSH and MDA as 
compared to their respective controls (Table. 27 & 28 Fig. 18). The activities of 
SOD and catalase and the levels of GSH in liver tissues were significantly 
decreased in restraint stressed rats (SOD /? < 0.01; catalase /? < 0.01; GSH p < 
0.001), while MDA level was significantly increased in restraint stressed rats (p 
< 0.001) as compared to their non-stressed controls (Table. 29 & 30 Fig. 19). 
Similar but insignificant changes in the tissue levels and activities of all the 
above-mentioned biochemical parameters were observed in post-stress khat 
treated rats when compared to stress alone treated rats taken as control. 
When a comparison was made among the tissues, the SOD activity was 
found significantly decreased in brain tissue (restraint stressed rats p < 0OOl). 
while the activity of catalase and the levels of GSH and MDA were altered 
significantly in liver tissue of restraint stressed rats (catalase p < 0.01; GSH p < 
0.001; MDA p < 0.001). 
(b) Effect of khat (700 mg/kg body weight) and pre/post restraint stress on rats 
for 10 days: 
The circulating activities of SOD, catalase and GST and the levels of 
glucose were significantly decreased in khat alone treated rats (SOD p < 0.001; 
catalase p < 0.001; GST p < 0.001; glucose p < 0.05), restraint stressed rats 
(SODp < 0.001; catalase p < 0.001; GST p < 0.001), post-stress khat treated 
rats (SOD p < 0.01; catalase p < 0.001; GST p < 0.001) and pre-stress khat 
treated rats (SODp < 0.001; catalase p < 0.001; GSTp < 0.001; glucose p < 
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0.01), while uric acid was significantly increased (p < 0.001) in all groups as 
compared to their respective controls (Table. 31 & 32 Fig. 20). 
In heart tissues, the activities of SOD and catalase and the levels of 
GSH were significantly decreased in khat alone treated rats (SOD p < 0.05; 
catalase p < 0.05; GSH p < 0.02) and restraint stressed rats (SOD p < 0.02; 
catalase p < 0.02; GSHp < 0.01), while MDA level was significantly increased 
in khat alone treated rats (p < 0.02) and restraint stressed rats (p < 0.01) as 
compared to their respective controls (Table. 33 & 34 Fig. 21). Also the SOD 
and catalase activities and the levels of GSH in brain were significantly 
decreased in khat alone treated rats (SOD p < 0.01; GSH p < 0.05), restraint 
stressed rats (SOD p < 0.001; catalase p < 0.001; GSH p < 0.02) and pre-stress 
khat treated rats (catalase p < 0.02). while MDA levels were significantly 
increased in restraint stressed rats (p < 0.01), post-stress khat treated rats (p < 
0.05) and pre-stress khat treated rats {p < 0.02) as compared to their respective 
controls (Table. 35 & 36 Fig. 22). In liver tissues, the activities of SOD and 
catalase and the levels of GSH were significantly decreased in khat alone treated 
rats (SOD p < O.Ol; GSH p < 0.01). restraint stressed rats (SOD p < 0.001; 
catalase p < 0.01; GSH p < 0.001) and pre-stress khat treated rats (GSH p < 
0.01), while the levels of MDA was significantly increased in restraint stressed 
rats (p < 0.01) as compared to their respective controls (Table. 37 & 38 Fig. 23). 
In the brain tissues the activities of SOD and catalase were found 
significantly decreased in restraint stressed rats {p < 0.001) and in liver tissues 
both SOD activity and the levels of GSH were decreased in restraint stressed 
rats (p < 0.001), while MDA levels were increased significantly in all tissues of 
restraint stressed rats (p < 0.01). 
Effect of khat constituents (flavonoid and alkaloid fractions) on circulating 
free radical metabolism. 
Intragastric administration of alkaloid fraction resulted in a significant 
decrease of SOD (p < 0.001), catalase (p < 0.001) and GST (p < 0.001) activities 
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as compared to normal saline treated control rats, similarly exposure to stress 
also resulted in a significant decrease in the activities of SOD (p < 0.001), 
catalase (/? < 0.001) and GST (JJ < 0.001) as compared to untreated control rats. 
Glucose level decreased in alkaloid, flavonoid and stress treated rats, while the 
level of uric acid increased (restraint stressed and alkaloid alone treated rats p < 
0.001). (Table. 39 Fig. 24). 
Oral flavonoid administration showed no significant change in SOD 
activity while catalase and GST activities were increased as compared to normal 
saline treated controls. Pre and post-stress flavonoid treated rats showed no 
change in SOD activity, while there was a significant increase in catalase (p < 
0.001) and GST activities (p < 0.001) as compared to stress alone treated rats. 
The increase was more in post-stress flavonoid treated rats than in pre-stress 
flavonoid or flavonoid alone treated rats. 
Both pre and post-stress alkaloid treated rats showed an increase in all the 
enzyme activities, but the increase was more pronounced in pre-stress alkaloid 
treated rats as compared to stress alone treated rats taken as control. 
Glucose levels were decreased in both pre and post-stress alkaloid/ 
llaxonoid treated rats as compared to stress alone treated rats, while uric acid 
was increased in pre and post-stress flavonoids treated rats and decreased in pre 
and post-stress alkaloid treated rats as compared to stress treated rats (Table. 40 
Fig. 24). 
S| nuclease hydrolysis of calf thymus DNA with khat: 
Increasing concentration of khat (i.e. 50, 100, 150 and 200 mg) were 
treated with the calf thymus DNA in the presence of pea seed nuclease to 
determine the acid soluble nucleotides released from DNA if any as a result of 
damage caused to DNA. The percent DNA hydrolysis obtained have been 
reported in table (Table. 41). When calf thymus DNA was exposed to increasing 
concentrations of khat the degradation was found to be dose dependent^ 
•Anna Azad /.ii"^ 
.1 ' 
Effect of khat extract on plasmid DNA: ^ > ^ A 
Plasmid pBR322 DNA was incubated withTT^Tfif^d 3 mg of khat 
extract for 3 hrs. The dose of 1.5 mg of the khat extract converted the super 
coiled (sc) form of the plasmid to the open circle (oc) form (Fig. 25 lane b). The 
increase in the dose from 1.5 to 3 mg showed some smearing pattern apparently 
caused by the degradation of the plasmid DNA (Fig.25 lane c). These finding 
suggest that khat does have DNA damaging properties. 
Degradation of BSA with increasing concentration of khat extract: 
BSA (3 mg/ml) was incubated with increasing concentration of khat 
extract (15. 30, 100 and 120 mg). The electrophoretic pattern of the reaction 
mixture revealed an increase in the fragmentation of BSA as shown in Fig. 26. 
The fragmentation of BSA was found to be dose dependent. The addition of 
different scavengers (sodium azide, potassium iodide, thiourea and sodium 
formate) decreased the degradation of BSA as observed in Fig. 27 and the 
decrease was maximum with sodium formate (Fig. 27 lane f). 
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Table. I: Effect of various doses of khat treatment for 3 hrs on the 
circulating levels of catalase, superoxide dismutase and glutathione 
transferase (values are Mean ± SEM). 
Groups 














































Number of rats are indicated in parentheses. 
''P<0.01 **?< 0.001 - as compared to normal saline treated control. 
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Table. 2: Effect of various doses of khat treatment for 3 hrs on the 
circulating levels of glucose and uric acid 
(values are Mean ± SEM). 
• Groups 


































Number of rats are indicated in parentheses. 
P^ < 0.02 - as compared to normal saline treated control. 
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Fig. 6 (a) and (b): Effect of various concentration of khat for 
3 hrs on the circulating levels of SOD. 
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Table. 3: Effect of various doses of khat treatment for 3 hrs on the 
circulating levels of SGPT and SGOT 
(values are Mean ± SEM). 
Groups 


































Number of rats are indicated in parentheses. 
''P<0.01 P < 0.001 - as compared to normal saline treated control 
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Table. 4: Effect of various doses of khat treatment for 3 hrs on the 
circulating levels of Creatine Kinase and Cortisol 
(values are Mean ± SEM). 
Groups 


































Number of rats are indicated in parentheses. 
''P<0.05 "T < 0.02 'P< 0.01 ''P< 0.001 - as compared to normal saline 
treated control 
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Fig. 6 (c) and (d): Effect of various concentration of khat for 
3 hrs on the circulating levels of SGPT, 
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Table. 5: Effect of various concentrations of khat for 3 hrs on the levels of 
SOD and Catalase in heart tissues 
Groups 
Normal saline treated 
Control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
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Table. 6: Effect of various concentrations of khat for 3 hrs on the levels of 
GSH and Malondialdehyde in heart tissues 
Groups 
Normal saline treated 
control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
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Fig. 7 (a) and (b): Effect of various concentration of khat for 
3 hrs on the levels of SOD, Catalase. 
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Table. 7: Effect of various concentrations of khat for 3 hrs on the levels of 
SOD and Catalase in brain tissues 
Groups 
Normal saline treated 
Control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
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Table. 8: Effect of various concentrations of khat for 3 hrs on the levels of 
GSH and Malondialdehyde in brain tissues 
Groups 
Normal saline treated 
control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
67 
Fig. 8 (a) and (b): Effect of various concentration of khat for 
3 hrs on the levels of SOD. Catalase, 
GSH and MDA in brain tissues 
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Table. 9: Effect of various concentrations of khat for 3 hrs on the levels of 
SOD and Catalase in liver tissues 
Groups 
Normal saline treated 
Control(15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
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Table. 10: Effect of various concentrations of khat for 3 hrs on the levels of 
GSH and Malondialdehyde in liver tissues 
Groups 
Normal saline treated 
control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
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Fig. 9 (a) and (b): Effect of various concentration of khat for 
3 hrs on the levels of SOD. Catalase, 
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Table. 11: Effect of various doses of khat treatment for 5 days on the 
circulating levels of catalase, superoxide dismutase and glutathione 
transferase (values are Mean ± SEM). 
Groups 














































Number of rats are indicated in parentheses. 
'P < 0.05 P^ < 0.02 - as compared to normal saline treated control. 
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Table. 12: Effect of various doses of khat treatment for 5 days on the 
circulating levels of glucose and uric acid 
(values are Mean ± SEM). 
Groups 


































Number of rats are indicated in parentheses. 
"P < 0.05 - as compared to normal saline treated control. 
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Fig. 10 (a) and (b): Effect of various concentration of khat for 
5 days on the circulating levels of SOD, 
Catalase, GST, Glucose and uric acid 
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Table. 13: Effect of various concentrations of khat for 5 days on the levels of 
SOD and Catalase in heart tissues (values are Mean ± SEM) 
Groups 
Normal saline treated 
Control (15) 
Khat 200nig/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
*P < 0.05 ''? < 0.02 - as compared to normal saline treated control. 
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Table. 14: Effect of various concentrations of khat for 5 days on the levels of 
GSH and Malondialdehyde in heart tissues (values are Mean ± SEM) 
Groups 
Normal saline treated 
control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
'P<0.02 ''P<0.01 'P< 0.001 - as compared to normal saline 
treated control. 
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Fig. 11 (a) and (b): Effect of various concentration of khat for 
5 days on the levels of SOD, Catalase, 
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Table. 15: Effect of various concentrations of khat for 5 days on the levels of 
SOD and Catalase in brain tissues (values are Mean ± SEM) 
Groups 
Normal saline treated 
Control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
"P < 0.05 ''P < 0.02 - as compared to normal saline treated control. 
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Table. 16: Effect of various concentrations of khat for 5 days on the levels of 
GSH and Malondialdehyde in brain tissues (values are Mean ± SEM) 
Groups 
Normal saline treated 
control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
'P < 0.05 ''P < 0.02 - as compared to normal saline treated control. 
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Fig. 12 (a) and (b); Effect of various concentration of khat for 
5 days on the levels of SOD. Catalase, 
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Table. 17: Effect of various concentrations of khat for 5 days on the levels of 
SOD and Catalase in liver tissues (values are Mean ± SEM) 
Groups 
Normal saline treated 
Control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
"P < 0.02 ''P < 0.01 - as compared to normal saline treated control. 
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Table. 18: Effect of various concentrations of khat for 5 days on the levels of 
GSH and Malondialdehyde in liver tissues (values are Mean ± SEM) 
Groups 
Normal saline treated 
control (15) 
Khat 200mg/kg body 
weight (15) 
Khat 400mg/kg body 
weight (15) 
Khat 700mg/kg body 
weight (15) 


























Number of rats are indicated in parentheses. 
^P<0.05 ''P<0.02 T<0.01 - as compared to normal saline treated 
control. 
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Fig. 13 (a) and (b): Effect of various concentration of khat for 
5 days on the levels of SOD, Cataiase, 
GSH and MDA in liver tissues 
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Table. 19: Circulating levels of catalase, superoxide dismutase and 
glutathione transferase (values are Mean ± SEM) 
Groups 
Normal saline treated 
Control (15) 
Khat 700mg/kg for 3 hrs 
(15) 
Khat 700mg/kg for 2 
days(15) 








































The number of rats are indicated in parentheses. 
'P<0.05 ''P< 0.001 - as compared to normal saline treated control. 
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Table. 20: Circulating levels of Uric acid and glucose 
(values are Mean ± SEM) 
Groups 
Normal saline treated control 
(15) 
Khat 700mg/kg for 3 hrs 
(15) 
Khat 700mg/kg for 2 days 
(15) 
Khat 700mg/kg for 5 days 
(15) 


























The number of rats are indicated in parentheses. 
T < 0.05 ''P < 0.001 - as compared to normal saline treated control. 
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Fig. 14 (a) and (b): Circulating levels of SOD, catalase, GST, glucose and 
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Table. 21: Effect of stress on circulating levels of catalase, superoxide 




Restraint stress for 2 hrs 
(15) 
Restraint stress for 4 hrs 
(15) 
Restraint stress for 6 hrs 
(15) 







































The number of rats are indicated in parentheses. 
'P<0.05 ^P<0.01 'P < 0.001 - as compared to untreated control. 
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Table. 22: Effect of stress on circulating levels of glucose and uric acid 




Restraint stress for 2 hrs 
(15) 
Restraint stress for 4 hrs 
(15) 
Restraint stress for 6 hrs 
(15) 


























The number of rats are indicated in parentheses. 
'P < 0.05 - as compared to untreated control. 
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Fig. 15 (a) and (b): Effect of various time periods of stress on 
the circulating levels of SOD, Catalase, 
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Table. 23: Circulating levels of superoxide dismutase, catalase 
and glutathione transferase enzymes in control, stress and khat 




Normal saline treated 
controls (15) 
Khat (700 mg/kg body wt) 
alone treated (15) 
Restraint stressed 
(15) 
Post stress khat treated 
(15) 












































The number of rats are indicated in parentheses. 
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Table. 24: Circulating levels of glucose and uric acid in 
control stress and khat treated rats for 2 days 




Normal saline treated controls 
(15) 
Khat (700 mg/kg body wt.) 
alone treated (15) 
Restraint stressed 
(15) 
Post stress khat treated 
(15) 




























The number of rats are indicated in parentheses. 
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Fig. 16 (a) and (b): Circulating levels of SOD, catalase, GST, glucose 
and uric acid in control, stress and khat 
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'•• Pre-stress khat treated 
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Table. 25: The levels of SOD and catalase in heart tissues of control, 




Normal saline treated 
control (15) 
Khat (700mg/kg body 
weight) alone treated (15) 
Restraint stressed 
(15) 
Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
''P < 0.05 ''P < 0.02 - as compared to normal saline treated control. 
P < 0.05 P < 0.02 - as compared to untreated control. 
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Table. 26: The levels of GSH and Malondialdehyde in heart tissues of 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
'P<0.02 ''P<0.01 - as compared to normal saline treated control. 
''P<0.02 ''P<0.01 - as compared to untreated control. 
''P<0.02 ''P<0.01 - as compared to stress alone control. 
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Fig. 17 (a) and (b): The levels of SOD, catalase, GSH and MDA in heart 











































GSH (b) MDA 
Untreated control 
Bzzzzzzi Normal saline treated control 
csssns Khat (700mg/kg) alone treated 
Bzsssa Restraint stressed 
I ' Post-stress khat treated 
'"imii Pre-stress khat treated 
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Table. 27: The levels of SOD and catalase in brain tissues of control, stress 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
''P < 0.02 P^ < 0.01 'P < 0.001 - as compared to normal saline treated control. 
''P<0.02 ''•p < 0.01''P< 0.001 - as compared to untreated control. 
'"P < 0.02 ''"P < 0.01 '"P < 0.001 - as compared to stress alone control. 
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Table. 28: The levels of GSH and Malondialdehyde in brain tissues of 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
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Fig. 18 (a) and (b): The levels of SOD, catalase, GSH and MDA in 
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ezzzzza Normal saline treated control 
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Table. 29: The levels of SOD and catalase in liver tissues of control, stress 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
"P<0.01 - as compared to untreated control. 
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Table. 30: The levels of GSH and Malondialdehyde in liver tissues of 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
P^ < 0.001 - as compared to untreated control. 
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Fig. 19 (a) and (b): The levels of SOD, catalase, GSH and MDA In 
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izzzzzzn Normal saline treated control 
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Table. 31: Circulating levels of superoxide dismutase, catalase 
and glutathione transferase enzymes in control, stress and khat 




Normal saline treated 
controls (15) 
Khat (700 mg/kg body wt) 
alone treated (15) 
Restraint stressed 
(15) 
Post stress khat treated 
(15) 












































The number of rats are indicated in parentheses. 
"P<0.01 "P<0.001 - as compared to normal saline treated rats. 
" P < 0.01 " P<0.001 - as compared to untreated controls. 
' P < 0.01 " "P<0.001 - as compared to stress alone. 
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Table. 32: Circulating levels of glucose and uric acid in 
control , stress and khat treated rats for 10 days 




Normal saline treated controls 
(15) 
Khat (700 mg/kg body wt.) 
alone treated (15) 
Restraint stressed 
(15) 
Post stress khat treated 
(15) 




























The number of rats are indicated in parentheses. 
"P < 0.05 
"P < 0.05 
""P < 0.05 
''P<0.01 '^ P<0.001 - as compared to normal saline treated rats. 
'' P < 0.01 "^  P<0.001 - as compared to untreated controls. 
''' P < 0.01 ''"P<0.001 - as compared to stress alone. 
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Fig. 20 (a) and (b): Circulating levels of SOD, catalase, GST, glucose 
and uric acid In control, stress and khat 
treated rats for 10 days 
SOD Catalase GST 
(a) 





Glucose Uric acid 
(b) 
> Untreated control 
' Normal saline treated control 
Khat (700mg/kg) alone treated 
Restraint stressed 
Post stress khat treated 
Pre stress khat treated 
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Table. 33: The levels of SOD and catalase in heart tissues of control, stress 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
P^ < 0.05 ''P < 0.02 - as compared to normal saline treated control. 
' P < 0.05 ^ P < 0.02 - as compared to untreated control. 
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Table. 34: The levels of GSH and Malondialdehyde in heart tissues of 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
'P<0.02 ''P<0.01 - as compared to normal saline treated control. 
P<0.02 ''P<0.01 as compared to untreated control. 
P < 0.02 P<0.01 - as compared to stress alone control. 
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Fig. 21 (a) and (b): The levels of SOD, Catalase, GSH and MDA in heart 
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Table. 35: The levels of SOD and catalase in brain tissues of control, stress 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
'P < 0.02 ''P < 0.01 'P < 0.001 - as compared to normal saline treated control. 
''P<0.02 '''P<O.Or'P< 0.001 - as compared to untreated control. 
"' P < 0.02 "^P < 0.01 '"P < 0.001 - as compared to stress alone control. 
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Table. 36: The levels of GSH and Malondialdehyde in brain tissues of 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
''P<0.05 P < 0.02''P< 0.01 - as compared to normal saline treated control. 
'P<0.05 *•>< 0.02''P< 0.01 - as compared to untreated control. 
'"P<0.05 ' '>< 0.02 ='"P< 0.01 - as compared to stress alone control. 
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Fig. 22 (a) and (b): The levels of SOD, Catalase, GSH and MDA in 
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Table. 37: The levels of SOD and catalase in liver tissues of control, stress 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
'P<0.01 ''P< 0.001 - as compared to normal saline treated control. 
' P < 0.01 P < 0.001 - as compared to untreated control. 
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Table. 38: The levels of GSH and Malondialdehyde in liver tissues of 




Normal saline treated 
control (15) 
Khat (700mg/kg body 




Post stress khat treated 
(15) 






























Number of rats are indicated in parentheses. 
'P<0.01 ''P< 0.001 - as compared to normal saline treated control. 
' P<0 .01 ^P<0.001 - as compared to untreated control. 
' P < 0 . 0 1 P<0.001 - as compared to stress alone control. 
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Fig. 23 (a) and (b): The levels of SOD, Catalase, GSH and MDA In liver 































Bzazza Normal saline treated control 
•ssssssa Khat (700mg/kg) alone treated 
Restraint stressed 
Post-stress khat treated 
Pre-stress khat treated 
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Table . 39: Circulat ing levels of superoxide dismutase , catalase 
and glutathione transferase enzymes in control , stress, 
f lavonoid and alkaloid treated rats for 10 days 
(values are Mean ± SEM). 
Groups 
Untreated control (15) 




Flavonoid (200mg/kg body 
wt) alone treated (15) 
Post stress Flavonoid 
treated (15) 
Pre stress Flavonoid 
treated (15) 
Alkaloid (200mg/kg body 
wt) alone treated (15) 
Post stress Alkaloid treated 
(15) 






























































Number of rats are indicated in parentheses. 
'P<0.05 ''P<0.02 'P<0.01 "P<0.001 - as compared to normal saline 
treated rats. 
'P<0.05 ''P<0.02 'P<0.01 "P<0.001 - as compared to untreated 
controls. 
'"P<0.05 ''"P<0.02 '•p<0.01 ""P<0.001 - as compared to stress alone. 
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Table . 40: Circula t ing levels of glucose and uric acid in 
control , s tress, f lavonoid and alkaloid treated rats for 10 days 




Normal saline treated controls 
(15) 
Restraint stressed 4hrs/10days 
(15) 
Flavonoid (200 mg/kg body 
wt.) alone treated (15) 
Post stress Flavonoid treated 
(15) 
Pre stress Flavonoid treated 
(15) 
Alkaloid (200 mg/kg body wt.) 
alone treated (15) 
Post stress Alkaloid treated 
(15) 







































Number of rats are indicated in parentheses. 
'P<0.05 ''P<0.02 'P<0.01 ''P<0.001 - as compared to normal saline 
treated rats. 
"P<0.05 ''P<0.02 '="P<0.01 ''P<0.001 - as compared to untreated 
controls. 
"P<0.05 ''"P<0.02 '="P<0.01 ''"P<0.001 - as compared to stress alone. 
115 
Fig. 24 (a) and (b): Circulating levels of SOD, catalase, GST, glucose and 




































Glucose Uric acid 
(b) 
' ' Untreated control 
casxan Normal saline treated control 
Ksssssa Restraint stressed 
Flavonoid (200mg/kg) alone treated 
Post-stress flavonoid treated 
Pre-stress flavonoid treated 
Alkaloid (200mg/kg) alone treated 
' ' Post-stress alkaloid treated 
« = = Pre-stress alkaloid treated 
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Table. 41: Si nuclease hydrolysis of calf thymus DNA in presence of 
various concentrations of khat extract 
Denatured DNA 
Native DNA 
DNA + khat (50 mg) 
DNA + khat (100 mg) 
DNA + khat (150 mg) 
DNA + khat (200 mg) 








Fig. 25: Effect of khat extract on plasmid DNA (pBR322): 
Reaction mixture containing 0.5 ^g plasmid pBR322 DNA, and 
increasing concentration of khat extract were incubated for three hours at 37°C. 
Lane (a) DNA alone 
Lane (b) DNA + khat (L5 mg) 




Fig. 26: Degradation of BSA as a function of increasing concentration of 
khat extract: 
Reaction mixture containing protein (BSA, 3 mg/ml), and increasing 
concentration of khat extract were incubated for tiiree hours at 3TC. 
Lane (a) BSA alone 
Lane (b) BSA + khat (15 mg) 
Lane (c) BSA + khat (30 mg) 
Lane (d) BSA + khat (100 mg) 
Lane (e) BSA + khat (120 mg) 




Fig. 27: Degradation of BSA as function of khat extract in tiie presence of 
different scavengers: 
Reaction mixture containing protein (BSA, 3 mg/ml), khat extract, and 
sodium azide, potassium iodide. Thiourea, and sodium formate were incubated 
for three hours at 37°C. 
Lane (a) BSA alone 
Lane (b) BSA + khat (30 mg) 
Lane (c) BSA + khat (30 mg)+ sodium azide (100 mM) 
Lane (d) BSA + khat (30 mg)+ potassium iodide (100 mM) 
Lane (e) BSA + khat (30 mg)+ Thiourea (100 mM) 
Lane (f) BSA + khat (30 mg)+ sodium formate (100 mM) 
g b c d e f 





In the present study two types of controls have been included, the 
untreated controls used for comparing changes produced by stress alone 
treatment and normal saline treated controls employed for comparing the 
effects of khat and its major constituents. 
A comparison between these two controls revealed slight 
differences in the activities of SOD, catalase and GST as well as in the 
levels of GSH and glucose. These parameters were found insignificantly 
decreased in normal saline treated rats while the MDA levels were found 
increased. The differences observed could be due to the handling of rats as 
n-saline was given orally through catheter, which might have caused slight 
stress to the rats. 
The distribution of free radical scavenging enzyme activities 
among the tissues revealed highest activities of SOD and catalase in the 
liver, while lowest in the heart and brain tissues respectively. Our findings 
are consistent with earlier observations of Cand and Verdetti (1989). 
Previous reports have shown that brain has poor catalase activity and 
moderate activities of glutathione peroxidase and superoxide dismutase 
(Coyle and Puttfarction, 1989; Halliwell, 1992). Similar insignificant 
decrease of these enzyme activities were observed in the brain, liver and 
heart tissues of normal saline treated rats as in the plasma, showing a co-
relation between them in tissues and circulation. 
Effect of khat consumption: 
The effect of khat on (jreej;adical metabolisnvTand other parameters 
was studied both in terms of various doses and duration of treatment. A 
time and dose dependent decrease in the free radical scavenging enzyme 
activities with an increase in lipid peroxidation was observed. The levels 
of glucose were found decreased with an increase in uric acid 
concentration. Similar changes were observed in serum and various tissues. 
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The activities of SOD, GST and catalase decreased gradually 
from low doses (200, 400 mg/kg body weight (b.wt)) to high doses (700, 
900 mg/kg b.wt) of khat. Significant changes were observed at high doses 
(700, 900 mg/kg b.wt) when compared to n-saline treated controls. As 
significant changes were observed at a dose of 700 mg/kg body weight, 
this was selected for further studies to evaluate the effect of khat 
consumption on stress exposure. 
Free radicals are produced constantly in vivo due to normal cell 
respiration and other cellular process (Kaplovitz et al., 1985). Antioxidant 
and free radical scavenging systems exist in the cell to protect it against 
the damaging effects of free radicals. 
Superoxide dismutase removes O2 converting it to H2O2. which is 
mostly removed by catalase and glutathione peroxidase enzymes (Halliwell 
et al., 1989; Sies, 1991). Free radicals and free radical metabolism 
reactions are involved in the etiology and development and pathogenesis of 
number of diseases, especially those that are life limiting (Pryor, 1988). 
Reduced glutathione (GSH) is of vital importance in protecting tissue 
from oxidative damage, controversial reports are available regarding the 
level of GSH and its relation with lipid peroxidation. According to some 
investigators a decrease in liver GSH levels caused an increase in TEARS 
(Kera et al., 1985), while in some other studies no change in TEARS levels 
in the liver and stomach was observed with a decrease in GSH content 
caused by buthione sulphoximine, a GSH inhibitor (Seckin et al., 1997). 
According to the present study the decrease in the GSH content of liver, 
brain and heart tissues in response to khat is associated with an increased 
lipid peroxidation in these tissues. 
A dose and duration dependent decrease in the activities of free 
radical scavenging enzymes SOD, GST and catalase with an increase of 
MDA levels clearly indicated generation of oxidative stress in rats. The 
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decrease in the serum activities of SOD, GST and catalase may be due to 
the RNA, DNA and total protein concentration reducing capacity of the 
khat leaves extract in liver and brain tissues (Hondt et al., 1984). The 
decreased activities of these enzymes may be responsible for the rise of 
MDA levels in khat treated rats reflecting increased lipid peroxidation. 
Similar to the effect of ethanolic extract of leaves (Tariq et al., 1983), the 
water extract was also found to cause reduction in serum glucose levels. In 
contrast to the earlier study (Said, 1967) where insignificant changes in 
uric acid, total protein. SGOT and SGPT are reported after oral khat 
administration for two weeks, the present study revealed a significantly 
enhanced levels of uric acid. SGPT and SGOT with an increment of khat 
doses, which could be due to cytotoxic, hepatotoxic and cardiotoxic effects 
of khat (Gendron et al, 1977: Drake, 1988). 
The serum Cortisol levels were found significantly enhanced 
by khat treatment. Khat has been shown to cause hormonal disturbances 
through alteration of the activity of hypothalamo-pituitary adrenocortical 
axis (Ahmed and el-Qirbi. 1993). Stress has been associated with enhanced 
Cortisol levels (Ohison et al.. 2001). Thus, the enhanced level of Cortisol 
which causes the activation of catecholamine synthesizing enzyme phenyl 
ethanolamine-N-methyl transferase may be responsible for increased 
catecholamine levels and CNS activity during stress and khat treatment 
(Serova et al., 1999; Kalix, 1986). The enhanced Cortisol level may also be 
responsible for loss of sleep after khat consumption as it was found 
decrease rapid eye movement sleep (Born et al., 1991). The increased 
activity of serum CK as observed in the present study could be due to 
cardiotoxic effects of khat (Hassan et al., 2000) as khat is found to induce 
myocardial infarction, thus enhancing the circulating CK activity (Al-
Motarreb et al., 2002). These observations are consistent with our findings. 
The studies carried out to see the effect of duration on consumption 
of khat revealed that the tissue activities of SOD and catalase and other 
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biochemical parameters like glucose, uric acid, GSH and MDA though 
altered were not significant after 3 hrs of oral khat administration, while 
significant changes were observed as the duration of khat administration 
(700 mg/kg single dose daily) was prolonged from 3 hrs to 2, 5 and 10 
days, both in tissues and circulating levels of these parameters. 
SOD, catalase activities and GSH levels deceased significantly in 
liver, brain and heart tissues with an increase of MDA levels at the doses 
of 700 and 900 mg/kg body weight in comparison to controls. The blood 
glucose levels were significantly decreased while uric acid was 
significantly increased at these doses after 10 days of treatment. 
The effects of khat have been shown to resemble those induced by 
amphetamine (Tariq et al., 1989). Khat consumption induces a number of 
sympathomimetic effects (WHO Advisory Group, 1980; Valterio and 
Kalix, 1982) through release of catecholamines, which may be responsible 
for its cytotoxic effects (Kalix, 1983). Cathinone content of khat is 
responsible for release of catecholamine, and its mutagenic activity (Tariq 
et al., 1987). Both cathinone and amphetamine are found to inhibit protein 
synthesis and leukocytosis (Goldbrg, 1983). The catecholamines thus 
released can be converted into amino chromes by auto-oxidation, 
enzymatically or metal catalyzed, with concomitant production of reactive 
intermediates and free radicals (Remiao et al., 2001). As observed in the 
present study khat administration has clearly revealed a direct correlation 
between increasing dose and duration of khat treatment with decrease in 
the levels of free radical scavenging enzyme activities and antioxidant, i.e. 
SOD, GST, catalase and reduced glutathione. Further, phenol-containing 
neurotransmitter/biogenic amines are found to produce pro-oxidant radicals 
causing oxidative stress when metabolized (Siraki and O' Brien, 2002). 
Thus, khat might have enhanced free radical production through release of 
catecholamines too. 
124 
Effect of khat and its major constituents on pre/post restraint stress 
exposure 
To optimize the duration of stress exposure, rats were immobilized 
in the cages of their own size for different time intervals like 2, 4, 6 and 12 
hours. Alterations in the free radical metabolizing enzymes and other 
parameters were determined at all these time periods, but significant 
changes were observed at 4, 6 and 12 hours of stress exposure. The 
circulating SOD, catalase, GST activities and the levels of glucose were 
significantly decreased after 4, 6 and 12 hrs of restraint stress, while the 
level of uric acid was enhanced at 6 and 12 hrs of stress in comparison to 
untreated controls. 
The major constituents of khat alkaloids and flavonoids were 
separated by organic solvent fractionation and were used to study their 
effects individually. Similar to khat the intragastric administration of 
alkaloid fraction resulted in a significant decrease of SOD, catalase and 
GST activities as compared to normal saline treated control rats. Glucose 
levels were decreased in khat, alkaloid, flavonoid treated (individual 
administration) and stress alone treated rats while uric acid was increased 
as compared to n-saline treated and untreated control rats respectively. 
Oral flavonoid administration showed no change in SOD activity, while 
catalase and GST activities were increased as compared to normal saline 
treated controls. Pre and post-stress flavonoid treated rats showed no 
change in SOD activity, while there was a signiflcant increase in catalase 
and GST activities as compared to stress treated rats. The increase was 
more in post-stress flavonoid treated rats. 
Both pre and post-stress khat/alkaloid treated rats showed an increase in all 
the enzyme activities, but the increase was more pronounced in pre-stress 
khat/alkaloid treated rats as compared to stress alone treated rats taken as 
control. 
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The glucose levels were found decreased in pre and post-stress 
khat/alkaloid and flavonoid treated rats but the decrease was more 
pronounced in pre-stress khat/alkaloid and flavonoid treated rats as 
compared to stress treated rats. Uric acid was increased in pre and post-
stress flavonoids treated rats while decreased in pre and post-stress khat 
alkaloid treated rats as compared to stress treated rats taken as control. 
Repeated immobilization stress is a well-defined method for the 
production of chronic stress (Kvetnansky et al., 1970). Immobilization 
stress has also been shown to bring about antioxidant defense changes in 
the plasma of rats (Lui et al., 1994). Superoxide dismutase, catalase and 
GST play an important role in scavenging oxyradicals and their products 
(Mannervik and Danielson, 1988). In order to maintain the stability of a 
living organism it is necessary to reach a balance between the oxidative 
actions and the antioxidant defense, i.e. anti-FRS. Enhanced free radical 
production with lipid peroxidation has been observed during stress 
(Clemens. 1991). The decreased activities of GST, SOD and catalase with 
a decreased level of glucose as observed in the present study may be 
responsible for the elevated free radical levels in stress (Chaudiere and 
Ferrari-Ilious, 1999). 
The increased TBARS levels further confirmed enhanced lipid 
peroxidation in restraint stress as the TBARS level can be considered as an 
index for lipid peroxidation (Ohkawa et al., 1979). Malondialdehyde, the 
three-carbon compound is not exclusively derived from polyunsaturated 
fatty acids, but also from radical-induced degradation of amino acids, 
carbohydrates and nucleic acid (Gutteridge and Halliwell, 1990). Thus, 
immobilization stress generated severe oxidative stress like situation in 
rats due to combined emotional and physical stress. 
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Effect of stress was markedly observed in the post-stress khat treated rats 
in terms of alteration of SOD, GST and catalase and other parameters, 
while in pre-stress khat treated rats predominant effect of khat alone was 
observed. Since the alkaloid fraction of khat contains the active constituent 
cathinone (Kalix, 1990), the stress effect was also markedly seen in post-
stress alkaloid treated rats rather than in pre-stress alkaloid treated rats, 
because cathinone is reported to have analgesic effects (Connor et a/., 
2000), which lasts for less than one hour (Nencini and Abdullahi. 1982). 
So treatment with khat or alkaloid after stress (Pre-stress khat / alkaloid) 
resulted in a reduced effect of stress in terms of activities of free radical 
scavenging enzymes. 
The results obtained in the present study clearly demonstrated that 
intragastric administration of khat or alkaloid significantly decreased the 
circulating activities of SOD, catalase and GST, all free radical 
metabolizing enzymes and glucose while the circulating level of uric acid, 
was found increased. Flavonoids have been reported to exhibit anti-
inflammatory effects (Duarte et al., 1993) and are known to be antioxidant 
or free radical scavengers (Hanasaki et al., 1994). Flavonoid fraction of 
khat had no effect on SOD activity but showed an antioxidant effect by 
increasing the activities of GST, catalase and the levels of uric acid. Other 
flavonoids from different origins are also found to increase uric acid 
(Premalatha and Sachdanandam, 1999), catalase (Sudheesh et al., 1999) 
and GST (Breinholt et al., 1999). Controversial reports are available on the 
effect of flavonoids on SOD activity i.e. it either enhanced (Zhao et al., 
2000), decreased (Breinhoh et al., 1999), or had no effect (Videla et al., 
1985). 
Plasma glucose levels decreased in response to immobilization 
stress and khat treatment by decreasing (after 2, 4, 6 and 12 hrs). The 
decrease became significant as duration of stress increased. This could be 
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due to the enhanced catecholamine levels in response to stress (by stress 
induced adreno-meduUary firing), or due to khat, as cathine/cathinone is an 
indirect sympathomimetic component of khat, which is found to release 
catecholamines from presynaptic storage sites (Kalix, 1990). The 
catecholamine secreted evokes an initial repression of insulin secretion, 
followed by a later rebound hypersecretion of the pancreatic hormone and 
a consequent hypoglycemia. Such a situation may be responsible for 
decreased plasma glucose levels seen during immobilization stress and 
khat/its component treatments. Moreover, studies have shown that khat 
shows a hypoglycemic effect (Said, 1967), either by enhancing peripheral 
glucose uptake or by interacting directly with P-cells of pancreas 
(Karunanayake et al., 1984). The decreased glucose concentration with 
decreased free radical scavenging enzyme activities might have further 
contributed in aggravating the oxidative stress, because glucose is also a 
scavenger of OH^ radicals, having a rate constant comparable with 
mannitol (Halliwell and Gutteridge, 1990). Other studies have also shown 
that immobilization stress significantly decreases circulating glucose level 
(Quirce and Maickel, 1981). 
Uric acid can act as an antioxidant, both by binding iron and 
copper ions in forms that do not accelerate free radical reactions, and also 
by directly scavenging oxidizing species such as singlet O2, HOCl and 
peroxyl radicals (Ames et al., 1981; Davies et al., 1986). In the present 
study uric acid concentration has been observed significantly raised in khat 
alone and pre and post-stress khat treated rats. The role of uric acid as an 
antioxidant or pro-oxidant is controversial. In some diseases the increased 
concentration of breakdown products of uric acid have been observed, 
suggesting that uric acid does indeed react with some oxidants in vivo 
(Grootveld and Halliwell, 1987). However, reaction of uric acid with 
certain oxidizing species, such as OH or peroxyl radicals, can generate 
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uric acid radicals that are themselves capable of doing biological damage 
(Kittridge and Willson, 1984; Aruoma and Halliwell, 1989), e.g. by 
inactivating certain enzymes (Kittridge and Willson, 1984). However, the 
uric acid derived radicals can be reduced by ascorbic acid (Aruoma and 
Halliwell, 1989). The increase in uric acid concentration due to restraint 
stress could be due to body's natural response to combat enhanced free 
radicals produced due to decreased activities of its scavenging enzymes or 
because of enhanced xanthine oxidase activity observed during oxidative 
stress (Davies et al., 1986) or also because of high levels of 
catecholamines, as some studies have shown that catecholamines increased 
purine catabolite (Yonetani et al., 1979). But further increase in uric acid 
concentration in response to khat or alkaloids could be detrimental, as GSH 
contents are also found decreased which reflects a depletion of vitamin C 
contents too. Some studies have also revealed that vitamin C and GSH can 
regenerate or spare each other (Martensson and Meister, 1992). Vitamin C 
levels were found to be low when GSH levels decreased by tJip appiiratjnn 
-«f GSH depleting agents (Maellaro et al., 1990; Martensson and Meister, 
1992). 
Immobilization stress has been reported to deplete both vitamin C and GSH 
levels of liver tissues (Seckin et al., 1997). Thus, the decreased uric acid 
levels might have further helped in production of free radical and toxicity 
of khat under stress. 
From our in vitro studies it can be concluded that incubation with khat 
caused degradation of calf thymus DNA and bovine serum albumin. 
Further, a major portion of super coiled (sc) plasmid DNA pBR322 was 
converted to open circular form in the presence of khat. The degradation of 
protein was found inhibited in the presence of different scavengers like 
sodium azide, potassium iodide, thiourea and sodium formate. The effect 
was more pronounced with sodium formate indicating that hydroxyl radical 
may be the major species generated in the reaction. 
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Khat is a rich source of flavonoids; kaemferol, quercetin, myricetin, 
dihydroxymyricetin and dihydromyricetin have been isolated from its 
leaves (Crombie, 1980; AI-Meshal et al., 1986). Studies have shown that 
several of the proposed biological antioxidants such as uric acid (Shamsi 
and Hadi, 1995), flavonoids (Fazal et al., 1990) and tannic acid (Bhat and 
Hadi, 1994) are themselves capable of generating hydroxyl radicals, either 
alone or in the presence of transition metal ions by Fenton type reactions 
(Puppo. 1992). Thus, flavonoids or tannins can either enhance or inhibit 
the formation of hydroxyl radicals. These two properties of polyphenols 
appear to be related to the position and number of hydroxyls on the 
molecule. It has been shown that highest antioxidant efficiency is exhibited 
by flavonoids such as myricetin having three hydroxyl groups in the fi-
ring. Further, myricetin has also been found to be most effective pro-
oxidant in the presence of Cu(II) (Ahmad et al., 1992). Tannic acid has 
also been shown to cause strand cleavage in super coiled plasmid DNA 
(Khan et al., 2000). Similarly, in the present study the complex 
constituents of khat may be responsible for cleavage of DNA and 
degradation of protein. Further, it will be of interest to purify each 
component of khat and study their effects separately on both DNA and 
protein in the presence of various metal ions and antioxidants. This will 
enable to identify the constituent of khat responsible for its pro-
oxidant/antioxidant properties. 
It is well established that aerobic organisms produce reactive 
oxygen species during the course of normal metabolism. These include 
superoxide anion, hydrogen peroxide and hydroxyl radicals (Fridovich, 
1989). Oxidative DNA breakage, protein degradation and lipid 
peroxidation by these species have been implicated in a number of human 
diseases such as rheumatoid arthritis (Gridlay et al., 1993), Alzheimer's 
disease, parkinson disease and amyotrophic lateral Sclerosis (Sanches-
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Ramas and Ames, 1994). In addition, oxygen radical toxicity is considered 
to be the cause of human male infertility, a common symptom observed in 
khat consuming males (Hammouda, 1978). One of the etiology's of cancer 
which is widely accepted holds that the major cause is damage to DNA by 
oxygen radicals this may account for the carcinogenic property of khat due 
to its alkaloid component. Further, alkaloids react with nitrites in acidic 
media to produce carcinogens (Hecht et al., 1978). Thus, cathinone present 
in khat may undergo nitrosation by reacting with nitrites o^^e body fluid 
and may act as carcinogen. Khat has a combination of both oxidant and 
pro-oxidant compounds i.e. flavonoids and alkaloids. In the present study 
khat alkaloids have clearly shown a pro-oxidant effect either alone or 
during stress. Though, the flavonoid content of khat showed slight 
antioxidant property when given alone. Probably the consumption of small 
doses of khat for shorter periods of time showed a beneficial/curative 
effect on some diseases due to its analgesic, sedative properties but high 
doses with prolonged consumption are lethal because of its pro-oxidant 
nature as observed in the present study. 
The free radicals, thus, produced with the decreased activities of their 
scavenging enzyme may be responsible for the reported toxic effects of 
khat. But to understand further the mechanism of action and the solution of 
the problems related to the toxicity of khat and its alkaloidal constituents, 
the biological and metabolic assessment of all the compounds is essential 
in detail. 
\/'^' 4 > * 
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Khat administrarion resulted in a significant decrease in the 
activities of SOD, GST and catalase and the levels of GSH and glucose, 
while rest of the parameters like MDA, uric acid, SGPT, SGOT, CK and 
Cortisol were increased. This study shows that the effect of khat was dose JLv^ 
and time dependent. The free radicals produced by khat^s obseryect;in the 
present study may explain the toxicity of khat, which is known to cause 
various diseases (Kalix, 1990), as enhanced free radical levels have been 
associated with a number of diseases (Pryor, 1988). 
Immobilization stress has been chosen in the present study as it 
causes both emotional and physical stress (Kvetnansky and Mikulaj, 1970). 
Immobilization stress resulted in the decrease of the activities of SOD, 
GST and catalase and the levels of glucose and GSH were decreased, while 
the levels of uric acid and MDA were increased indicating the induction of 
oxidative stress. Khat administration before and after stress exposure 
resulted in decrease of free radical metabolizing enzyme activities with 
increase of MDA levels. The effect of stress was markedly observed in 
post-stress khat treated rats than pre-stress khat treated rats, might be due 
to the analgesic effect of khat which is known to last for less than an hour 
(Nencini and Abdullahi, 1982; Connor et al., 2000). The administration of 
khat constituents separately (alkaloid and flavonoid) clearly demonstrated 
the component responsible for its toxic effects. Cathinone, the major 
component of alkaloid fraction of khat caused a significant decrease in 
SOD, GST and catalase activities and the levels of glucose, while 
increased uric acid levels suggesting that this fraction might be responsible 
for its toxicity. The flavonoid constituent showed some antioxidant 
properties by increasing the activities of GST and catalase with no change 
in SOD activity. Thus, the pro-oxidant nature of khat may be due to its 
alkaloid fraction. 
Two type of controls were taken, normal-saline treated control 
used for comparing the effect of khat and its constituents and untreated 
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control used for comparing effect of treatment on the various biochemical 
parameters of stress alone rats. The n-saline treated control showed a slight 
decrease in free radical scavenging/metabolizing enzymes like SOD, GST 
and catalase and the levels of GSH and glucose, while MDA was 
insignificantly increased. The changes observed may be due to mild stress 
developed as a result of handling of rats for n-saline treatment. 
A number of in vitro studies were carried out in which different 
concentrations of khat were incubated with calf thymus DNA and plasmid 
DNA pBR322, the degradation/breakage of both were observed and it was 
found to be dose dependent. Similarly, incubation of different 
concentrations of khat with bovine serum albumin resulted in its 
degradation. This degradation was inhibited by the addition of different 
free radical scavengers like sodium azide, potassium iodide, thiourea and 
sodium formate. The inhibition was maximum with sodium formate, which 
indicated that the free radicals formed might be hydroxyl radicals. These 
observations in the present study indicated that khat is capable of 
generating free radicals and this may explain the toxic and carcinogenic 
effect of khat and its major constituents. . 
The present study is a maiden attempt where/generation of free 
jadicalsi has been co-related with doses and duration of khat administration, 
this may open new vistas for research on khat toxicity. 
REFERENCES 
133 
Ageel, A.M., Mossa, J.S., Tariq, M., Al-Yahya, M.A., Al-Said, M.S. 
(1987). 'Plants used in saudi Folk Medicine', King Saud University 
Press (KACST), Riyadh. 
Ahmed, M.B. el-Qirbi, A.B. (1993). J. Ethnopharmaco4dg^39, 213. 
Al-Ahdal, M.N., McGarry, T.J. Hannan, M.A. (1988). Mutation-Res,. 204, 
317. 
AI-Meshal, I.A. (1987). Res. Comm. Subst. Abuse 8. 49. 
Al-Meshal, I.A. (1987b). Toxicon 25, 451. 
Al-Meshal, I.A., Ageel, A.M., Parmar, N.S., Tariq, M. (1985). Fitoterapia, 
56, 131. 
Al-Meshal, TA., Hifnaway, M.S., Nasir, M. (1986). J. Nat. Prod. 49, 285. 
Al-Meshal, LA., Hifnawy, M.S., Mekkawi, A.G., Tariq, M., Muhtadi, P.J. 
(1983). Proceedings of the International Conference on Khat, 
Antananarivo, Madagascar, January 17-21, p. 110. 
•jH-Al-Meshal, I.A., Qureshi, S., Ageel, A.M., Tariq, M. (1981 
Al-Meshal, LA., Tariq, M., Ageel, A.M., El-Feraly, F.S., Al-Abdi, L, AI-
Habib, F.T., Ageel, A.R. (1987a). A report submitted to King 
Abdulaziz City for Science & Technology (KACST), Riyadh. 
Al-Motarreb, A., Al-Kebsi, M., Al-Adhi, B., Broadley, K.J. (2002). Heart 
87,279. 
Alem, A. and Shibre, T. (1997). Ethiop. Med. J. 35, 137." 
Alles, G.A., Fairchild, M.D., Jensen, M. (1961). L Med. Pharmaceu. Chem. 
3,323. 
134 
Amacher, D.E., Paitett, S., Ray, V.A. (1979). Mutat is Res. 64, 391. 
Ambrose, A.M., Robbins, D.J., DeEds, F. (1952). J. Am. Pharm. Assoc. 41, 
119. 
Ames, B.N., Catheort, R., Schwiers, E. and Hochstein. P. (1981). Proc. 
Natt. Acad. Sci. USA 78, 6858-6862. 
Ames. B.N., Catheort, R., Schwiers, E. and Hochstein, P. (1981). Proc. 
Natl. Acad. Sci., USA 78, 6858-6862. 
Ardonin, C , Gendron, Y. (1976). Med. Armes 4, 407. 
Aruoma, O.I. and Halliwell, B. (1989). FEBS Lett., 244, 76-80. 
Attef, O.A., AH, A.A., AH, H.M. (1997). J. Antimicrob. Chemother. 39, 
523. 
Awange, D.O., Onyango, J.F. (1993). East. Afr. Med. J. 70, 316. 
Axelrod, J. and Reisine, T.D. (1984). Science, 224, 452. 
Bally, P.R.O. (1938). 'Heil-u' Giftplanzen der Eingenborenen von 
Tanganyikja', Repertorium Specicrum Novarum Regni Vegetabilis 
102, 1. 
Bally, P.R.O. (1945). E. Afr. Med. J. 22, 2. 
Bartsch, K., Schneider, R., Schulz, A. (1996). Appl. Environ. Microbiol. 
Beers, R.F. and Sizer, I.W. HQS?) -fnnmnl r%f Rinlngiral rh^mictry 195, 
133. 
Berson, S.A. and Yalow, R.S. (1968). J. Clin. Invest. 47, 2. 
135 
Betson, P.B., McDermoit, W. (1971). 'Cecil-Loeb Textbook of Medicine', 
13th ed., W.B. Saunders Co., Philadelphia, pp.l07-I49. 
Bhagat, B.D. and Horenstein, S. (1976). In. Catecholamine and Stress, 
Usdin, E., Kvetnansky, R., Kopin, I.J., ed., Pergamon Press Oxford, 
pp. 257-264. 
Bhat, R. and Hadi, S.M. (1994). Mutat. Res. 313, 49-55. 
Bick. Y.A. (1970). Nature 226. 1165. 
Bjeldanes. L.S.. Chang, G.W. (1977). Science 197, 577. 
Booth, J., Boyland, E. and Sims, P. (1961). Biochem. J. 79, 516. 
Born, J., Dekloet. E.R., Wenz. H., Kern, W. and Fehm. H.L. (1991). Am. J. 
Physiol. 260, E183. 
Boyland, E. and Chasseaud, L.F. (1969). Adv. Enzymol. 32, 173. 
Boyland, E. and Williams, K. (1965). Biochem. J. 94, 190. 
Breinholt, V., Lauridsen, S.T., Dragsted, L.O. (1999). Xenobiotica 29, 
1227-1240. 
Brenneisen, R., Geisshusler, S., Schorno, X. (1986). J. Pharm. Pharmacol. 
38, 298. 
Breuer, H.. Hamel, D. and Kruskemper. H. Eds. Methods of hormone 
analysis. New York, John Wiley and Sons, 1976. 
Britton, E.B. (1939). Geograph. J. 93, 121. 
Burchfield, S.R. (1979). Psychosom, Med. 41, 661-672. 
Cais, M., Ginsburg, D., Mandelbaum, A. (1975). Tetrahedron Lett. 31, 
2727. 
136 
Caraway, W.T. (1963). Standard methods of clinical chemistry. Seligson, 
D. (Ed.), Academic Press, New York and London. 
Carothers, J. (1945). E. Afr. Med. J. 22, 4. 
Carroll, D., Turner, J.R., Prasad, R. (1986). Int. J. Psychophysiol. 4, 167. 
Carver, J.H., Carrano, A.C., Mac Gregor, J.T. (1983). Mutati»ft-Res. 113. 
45. 
Chaudiere, J. and Ferrari-Iliou, R. (1999). Food a»d Chem+««1-Toxicology-
37, 949-962. 
Chevion, M., Navok, T., Glaser, G. and Mager, J. (1982). Eur. J. Biochem., 
129,405. 
Clarke, B. (1960). "p^ Geogfafl^aKA J.JCXXVJ^ 1. 
Clemens, M.R. (1991). Klia Wochenschc 15, 1123-1134. 
Cohen, G. (1984). Neorotoxicology, 5, 77. 
Connor, J., Makonnen, E., Rostom, A. (2000). J. Pharm. Pharmacol. 52, 
107. 
Coombs, B. and Stakelum, G.S. (1961). J. Clin. Invest. 40, 981. 
Crombie, L. (1980). Bull. Narcot. 32, 37. 
Crombie, L. (1980). Bull. Narcot. 32, 37. 
Davies, K.J., Sevanian, A., Muakkassah-Kelly, S.F. and Hochstein, P. 
(1986). Uric acid-iron ion complexes. A new aspect of the 
antioxidant function of uric acid. Biochemi#»l-Jaa«aal 235, 747=? 
De Vries, J. (1981). Biochem. Pharmac. 30, 399. 
137 
Deviatkina, T.A., Tarasenko, L.M. and Kovalenko, E.G. (1989). Vopr. 
Med. Khinm. 35, A%i^. 
Dhadphale, M., Mengech, A., Chege, S. (1981). E. Afr. Med. J. 58, 130. 
Dixit, R., Mukhtar, H., Seth, P.K. and Murti, C.R. (1980). Chem. Biol. 
Interact. 32, 353. 
Do Campo, R. and Moreno. S.N.J. (1984). Rev. Infect. Dis. 6. 223. 
Dodge, D. and Martin, W. (1970). Social stress and chronic illness. 
University of Notre Dame Press, Notre Dame. Ind. 
Doorance, D., Janiger, O., Teplitz, R.L. (1970). J. Am. Med. Assoc. 212, 
1488. 
Drake, P.H. (1988). Lancet 1, 532-533. 
Drukarch, B., Jongenelen, C.A., Schepens, E., Langeveld, C.H., Stoof, J.C. 
(1996). J. Neurosci. 16,6038. 
Duarte, J., Vizcaino, F.P., Utrilla, P., Jimenez, J., Tamargo, J., Zarzuelo, 
A. (1993). Bioch»BM€ftI Pharmacology 24, 857-
Eason, R.G. and dudley, L.M. (1970). Psycho-physiology, 7, 223. 
El-Kiey, M.A., Karawya, M.S., Ghourab, M.G. (1968). J. Pharm. Sci. 
U.A.R. 9, 127. 
El-Shoura, S.M., Abdel Aziz, M., Ali. M.E. el-Said, M.M., Ali, K.Z., 
Kemeir, M.A., Raoof, A.M., Allam, M., Elmalik, E.M.. (1995). 
Hum. Reprod. 10, 2295. 
El-Sissi, A., Abdalla, M. (1966). Planta Med. 14, 76. 
138 
Farag, R.M., Gunaid, A.A., Qirbi, A.A. (1989). Biochem. Pharmacol. 38, 
563. 
Fazel, A.R., Schulte B.A., Spicer, S.S. (1990). Anat. Rec. 228, 177-184. 
Fiedler, U.. Hildebrand, G. (1954). Arzneimittel Forsch 4, 426. 
Flohe, L., Gunzler, W.A. and Landenstem, R. (1976). Gultathione 
peroxidase. In: Glutathione Metabolism and Function (Eds. Arias. 
l.M. and Jakoby, W.B.) Raven Press. New York. 115. - ^ 
Flohe, L., Gunzler, W.A. and Schock, H.H. (1973).(Le^32. 132. 
Fluckiger, F.A., Gerock, J.E. (1987). Pharm. J. Transvaal.18, 221. 
Francine, C. and Jean, V. (1989). Free fadica+^in Biol«i^-and Medie+»e 7. 
59; 
Fridovich (1989). Ann. Rev. Pharm. Tox., 23, 239. 
Fridovich, I. (1975). Annu. Rev. Biochem. 44, 147. 
Fridovich, I. (1976). Free Radical in Biology (Ed. Pryor, W.A.) Academic 
Press, New York, 1, 239. 
Fridovich, I. (1978). Science, 201, 875. 
Fried, R. (1979). J. Neurosci. Res., 4, 435. 
Fried, R. and Mandel, P. (1975). J. Neurochem. 24, 433. 
Gellert, M., Szendrei, K., Reish, J. (1981). Phytochemistry 20, 1759. 
Githens, T.S. (1948). 'Drug Plants of Africa', African Handbooks 8., 
Committee on African Studies. The Universityof Pennsylvania 
Press, Philadelphia. 
139 
Glick, S.M., Roth, J., Yelow, R.S. and Berson, S.A. (1965). Rec. Prog. 
Hor. Res., 21,241. 
Glover, P.E., Stewart, J., Gwynne, M.D. (1966). E. Afr. Agri. J. and 
Forestry J. 32, 184. 
Godi, I. (1965). Can. Med. Assoc. J. 92, 1292. 
Gordon, A., AUes, M., Falrchild, D., Jensen, M. (1961). J. Med. 
Pharmacol. Chem. 2, 323. 
Greenway, P.J. (1917). Afr. Agri. J. 13, 98. 
Greenway, P.J. (1947). E. Afr. Agri. J. 13, 98. 
Grootveld, M. and Halliwell, B. (1987). Biochem. J. 243, 803-808. 
Guliaeva, N.V., Levshina, I.P., Obidin, A.B., Awalian, R. and Kozlov, 
A.V. (1988). Bill. Exp. Bio. Med., 106, 159-160. 
Gunaid, A.A., Sumairi, A.A., Shidrawi, R.G. al-Hanak, A. al-Haimi, M. al-
Absi, S. al-Hureibi, M.A. Qirbi, A.A. al-Awlagi, S. el-guneid, A.M. 
(1995). Br. J. Cancem71, 409. 
Gutteridge, J.M. and Halliwell, B. (1990). Trends Biochem. Sci. 15, 129-
35. 
Habig, W., Pabst. M. and Jakoby, W. (1974). ^ u n i a l uf Biological 
€hCTTTtsTi7 249, 7 1 3 0 ^ ^ ^ ^ 
Halbach, H. (1972). Bull. \ ^ l d . Health Org. 47, 21. 
Halket, J.M., Karasu, Z., Murray-Lyon, I.M. (1995). J. Ethnopharmacol. 
49, 111. 
140 
Halliwell, B. and Gutteridge, J.M.C. (1989). Free Radicals in Biology and 
Medicine 2nd Ed. Oxford, Clarendon Press. 
Halliwell, B., Gutteridge, J. (1990). Arch. Biochem. Biophys. 280, 1-8. 
Hammouda, E.M., Kamel, A., Said, E. (1969). "Proceedings 6th Arab 
Science Congress", Damascus, pp. 353-379. 
Hammouda, E.S.M. (1971). Bull. Fac. Sci. Riyadh Univ. 3, 64. 
Hammouda, E.S.M. (1972). Bull. Fac. Sci. Riyadh Univ. 4, 99. 
Hammouda, E.S.M. (1978). Bull. Fac. Sci. K.A.U. 2, 17. 
Hanasaki, Y., Ogawa, S., Fukui, S. (1994). Free |(adicai-i«-Biology and 
Medj«*rre 16, 850 .*^ . 
Harman, D. (1956). J. Gerontol., 11, 298. 
Harman, D. (1971). J. Gerontol., 26, 451. 
Harris, G.W. (1948). Physiol. Rev. 28, 139. 
Hasan, M. and Ali, S.F. (1980). Joupnal of Neurotoxicolegy 2, 43i«^^ 
Hassan, N.A., Gunaid, A.A., Abdo-Rabbo, A., Abdel-Kader, Z.Y. al-
Mansoob, M.A., Awad, A.Y., Murray-Lyon, I.M. (2000). Trop. Doct. 30, 
107, 
Hecht, S.S., Chen, C.B., Ornaf, R.M., Jacobs, E., Adams, J.D., Hoffman, 
D. (1978). J. Org. Chem. 43, 72. 
Heikkila, R.E. and Cohen, G. (1973). Science, 181, 456. 
Heisch, R. (1945). E. Afr. Med. J. 22, 7. 
141 
Henry, J.P. and Stephens, P.M. (1977). Stress, Health and the Social 
Environment: A Sociobiologic approach to medicine Springer-
Verlag, New York. 
Henry, R.J., Chiamori, M., Golub, O.J. and Berkman, S. (1960). Am. J. 
Clin. Pathol. 34, 381. 
Hirono, I., Ueno, I., Hosaka, S., Takanashi, H., Matsushima, T., Sugimura, 
T., Natori, S. (1981). Cancer Lett. 13, 15. 
Holsboerm. F. (1989). Eur. Arch. Psychiatr. Neurol. Sci. 238. 302. 
Hondt, H.A. de, Fahmy, A.M., Abdelbaset, S.A. (1984). Environ. 
Mutagenesis 6, 851. 
Hondt, H.A.de, Fahmy, A.M., Abdelbaset, S.A. (1980). Egypt. J. Genet. 
Cyt. 9, 217. 
Hughes, P. (1973). Paper presented at 4th Int. Institute on the Prevention 
and Treatment of Drug Dependence, The Int. Council on 
Alcoholism and Addiction. Lausanne. Switzerland, p. 32. 
Islam. M.W. al-Shabanah, O.A. al-Harbi, M.M. al-Gharably, N.M. (1994). 
Drug Chem. Toxicol. 17. 51. 
Jager, A.D. and Sireling, L. (1994). Aust. N.Z.J. Psychiatry 28, 331. 
Johanson, C.E., Schuster, C.R. (1981). J. Pharmacol. Exp. TherapewSSg^ 
219, 355. 
Johnson, M.K. (1966). Biochem. J. 98, 44. 
Kabarity, A., Malallah, G. (1980). Cytologia 45, 733. 
Kalix, P. (1981). Psychopharmacology 74, 269. 
142 
Kalix, P. (1983). Drug^Alcohol DependII, 395. 
Kalix, P. (1984). Gen. PharmftS. 15, 179. 
Kalix, P. (1990). Pharmacologi^sl Therapy-48, 397-4.Wr 
Kalix, P. (1994). J. Psychoactive Drugs 26, 69. 
Kalix, P. (1996). Pharm World Sci. 18, 69. 
Kalix. P., Braenden, O. (1985). Pharmacolog+eftl RevJeW37, 149. 
Kamel, A., Said, E., Hammouda, E.M. (1966). 'Troceedings 5th Arab 
Science Congress", Baghdad, pp. 587-610. 
Kamel, A.F., Said, E., Hussain, E., Hammouda, E.M. (1967). Current Sci. 
36, 62. 
Kaplovitz, Aw. T.Y. and Ookhatens, M. (1985). Anrjal Review Pharmacol. 
Toxicol., 25, 137. 
Kaplowitz, N., Aw, T.Y., Ookhtens (1985). Ann. Rev. Pharmacol. Toxicol. 
25, 715. 
Karunanayake, E.H., Welihinda, P., Sirirnanne, S.R., Sinnaaderai, G. 
(1984). J. Ethnopharmacol^ 11, 2 2 3 r 2 ^ ^ 
Kassie, F., Darroudi, F., Kundi, M., Schulte-Hermann, R., KnasmuUer, S. 
(2001). Int. J. Cancer 92, 329. 
Katematsu, M., Mera, Y., Inoue, T.. Satoh, K., Ito, N. (1988). 
Carcinogenesis, 9, 215. 
Katoh, T., Higashi, K., Inoue, N. (1989). J. Toxicol. Sci., 14, 1-9. 
Kayabali, M., Hazar, H., Gursoy, M.A. and Bulut, T. (1994). Surg. Today, 
24, 530. 
143 
Kera, Y., Kiriyama, T., Konura, S. (1985). Acceleration of hepatic lipid 
peroxide by long term depletion of reduced glutathione in rats. 
IRCS Med. Sci. 13, 787-8. 
Kera, Y., Kiriyama, T., Konura, S. (1985). IRCS Med. Sci. 13, 787-788. 
Khattab, N.Y. and Amer, G. (1995). Aviat. Space. Environ. Med. 66, 739. 
King, M.M., Lai, E.K. and McCay, P.B. (1975). J. Biol. Chem., 250, 6496. 
Kittridge, K.J. and Willson, R.L. (1984). FEBS Lett. 170, \61.^^. 
Klug. D., Rabani, J., Fridovich, L (1972). J. Biol. Chem., 247, 4839. 
Knoll. J. (1979). NIDA Res. Monograph (Washington) 27. 322. 
Kohli, J., Goldberg, L. (1982). J. Pharm. P h a r m ^ 3 4 , 338. 
Kopin, I.J., McCarty, R., Torda, T., Yamaguchi, L (1980). In 
Catecholamines and Stress Recent Advances Usdin, Kvetnansky 
and Kopin (Eds.) Elsevier North Holland Inc. 197. 
Kosower, N.S. and Kosower, E.M. (1978). Int. Rev. Cytol., 54, 109. 
Kostic, T.S., Andric, S.A., Marie, D., Kovacevic, R.Z. (2000). J. Steroid 
Biochem. Mol. Biol. 75, 299. 
Kovacheva, S., Ribarov, S. (1998). Gen. Phsyiol. Biophys. 17, 377. 
Krikorian, A., Getahun, A. (1973). Econ. Bot. 27, 353. 
Krikorian, A.D. (1984). J. Ethnopharmacolxs!^ 12, 115. 
Kubota, T., Miyaura, S. and Isono, H. (1985). Chem. Pharm. Bull. 33, 
5399. 
144 
Kvetnansky, R. (1972). Hormone metabolism and Stress. Nemeth (Eds.) 
Solvak. Acad. Sciences, Szechoslovakia, 55. 
Kvetnansky, R., Mikulaj, L. (1970). Endocrinology 87, 738-43. 
Kvetnansky, R., Torda, T., Jahnova, E., Saleh, N. (1975). Endocrinol. Exp. 
9. 79-86. 
Ladue, J.S., Wroblewski, F. and Karmen, A. (1954). Science 120, 497. 
Laemmli. U.K. (1970). Nature 227, 680. 
LeBrass. M.. Fretillere, Y. (1965). Med. Trop. 25, 720. 
Lehmann, J., Tennigkeit, M., Haschke, R., Haschke, W. and Rosahl, S. 
(1992). Int. J. Psychophysiol., 13. 1. 
Levi, L. (1967). In an Introduction to Clinical Neuroendocrinology Bajusz, 
E. (Ed.) Karger, Basel, 1.N.Y.78. -r- \\ 
Li, T., Zhang. X.J. (1993). Sheng Li. Xue Baol45, 286. 
Litvak, E.A. (1969). Sud. Med. Ekspheri. 12, 7. 
Liu, J., Wang, X., Mori. A. (1994). Int. J. Biochemi«tiT26, 511. 
Liu, Jai Bang, Wang. Xiaoyan, K., Yeo. Helen, C. et al. (1996). FASEB J., 
10, 1532. 
Lovezrovemet. W.H.. Weissbach, L. and Undenfriend, S. (1965). Arch. 
Pharmacol., 267, 421. 
Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. (1951). J. 
Biol. Chem. 193, 265. 
Lundberg, U. and Frankenhaeuser, M. (1980). J. Psychosom. Res. 24, 125. 
145 
Luqman, W., Donowski, T. (1976). Am. Int. Med. 85, 246. 
Mac Gregor, J.T., Wehr, CM., Manners, G.D., Jurd, L., Minkler, J.L. 
(1983). Mutati^tRes. 124, 255. 
Macioli, M., Parrinello, A. (1967). Clinica Terap. 43, 103. 
Mack. R.B. (1995). N.C. Med. J. 56, 112. 
Maellaro, E., Casini, A.F., Del Bello, B., Comporti, M. (1990). Biochem. 
Pharmacol. 39, 1513-1521. 
Maitai, C.K. (1977). Toxicon 15, 363. 
Maitai, C.K., Mugera, G.M. (1975). J. Pharm. Sci. 64, 702. 
Mannervik. B. (1985). Adv. Enzymol., 57, 357. 
Mannervik, B. and Danielson, U.H. (1988). CRC Crit. Rev. Biochem., 23, 
283. 
Maresova, Z. (1967). Vnitrni Vekarstvi 13, 753. 
Margetts, E. (1967). Econ. Bot. 21, 358-362. 
Marklund, S. and Marklund, G. (1974). Europaan Jo««*ftl ^f Biochemi«tf«r^ 
47, 4 6 9 , ^ ^ 
Martensson, J. and Meister, A. (1992). Proc. Natl. Acad. Sci. USA 89, 
1 1 5 6 6 / ^ g ^ . 
Mason, J.W. (1968). Psychosom. Med. 30, 656. 
McCord, J.M., Keele, B.B. Jr. and Fridovich, I. (1971). Proc. Natl. Acad. 
Sci., 68, 1024. 
Meltz, M.L., Mac Gregor, J.T. (1981). Mutati^Res. 88, 317. 
146 
Merabi, P. (1929). 'Impression d'Ethiopie', Leroux Paris, p. 175. 
Mikulaj, L., Kvetnansky, R., Murgas, K. et al. (1975). In Catecholamine 
and Stress Usdin, Kvetnansky and Copin (Eds.) (PP.N.Y.) 445. 
Mirino, K., Matsukura, N., Kawachi, T.. Ohgaki, H., Sugimura, T., Hirono, 
I. (1982). Carcinogenesis 3, 93. 
Misra, H.P. and Fridovich (1972). J. Biol. Chem., 247, 6960. 
Mortan, J.F. (1979). In "Proceedings of the 10th Interamerican Conference 
on Toxicology and Occupational Medicine", W.B. Deichmann 
(Ed.), Elsevier/North-Holland Publishing Co., New York, pp. 129-
137. 
Mortan, J.F. (1980). Phytochemistry, 4, 53. 
Mosso, U. (1891). Revista Clinica 30, 65. 
Munday, R. and Winterbourn, C.C. (1989). Biochem. Pharmacol., 38, 
4349. 
Nagi, M.N., Suneia, S.K., Cook, L.. Cinti, D.L. (1992). Arch. Biochem. 
Biophys. 293, 71. 
Nahas, G.G. (1981). Bull. Narcotic 33.3. 
Nakamura, M., Kawabata, T. (1981). J. Food Sci. 46, 306. 
Nencini, P. (1980). Pharmacol. Res. Commun. 12, 855. 
Nencini, P. and Abdullahi, M.A. (1982). Pharmacol. Res. Commun. 14, 
759. 
Nencini, P., Grassi, M.C., Botan, A.A., Asseur, A.F., Paroli, E. (1989). 
Drug Alcohol Depend. 23, 255. 
147 
Nencini, P., Hussen, M.Y., Mohamed, M.X. (1978). Clinical Terap. 85, 
223. 
Ohkawa, H., Ohishi, N., Yagi, K. (1979). Anal. Biochem. 95, 351. 
Ohlson. C.G., Soderfeldt, M., Soderfeldt. B.. Jones, I.. Theorell, T. (2001). 
Psychother. Psychosom. 70, 268. 
Olivers. I.T. (1985). Biochem. J. 61. 116. 
Pal, S.P., Habibuddin, M., Sen, S. (1995). Indiaiji. Exp. Biol., 33, 585. 
Pamuku, A.M.. Yalciner, S., Hatcher, J.F.. Bryan, G.T., (1980). Cancer 
Res. 40, 3468. 
Pandey, H.P. (1976). Role of Neurohumors with particular reference to 
acetycholine and its related enzymes in Health and Disease Ph.D. 
Thesis, Banaras Hindu University. 
Parvez, H. and Parvez, S. (1983). J. Neurochem.. 20, 1011. 
Pellmar, T.C., Roney, D., Lepinski. D.L. (1992). Brain R e s e « ^ , 583, 194-
200. 
Peter J.C.D. (1952). Pharmac. J. 169, 16. 
Pignatelli, B., Bereziat, J.C, O'Neill, I.K., Hartsch, H. (1982). In "N-
Nitroso Compounds, Occurrence and Biological, Effects", H. 
Bartsch, I.K. O'Neill, M. Castegnaro. M. Okada, W. Davis (Eds.), 
lARC, Publ. No. 41; lARC. Lyon. pp. 413-423. 
Polgar, A., Brozik, M., Toth, S., Holub, M., Falus, A. (2002). Acta. Biol. 
Hung. 53, 307. 
Premalatha, B., Sachdanandam, P. (1999). J. Ethnophar^macol^gjJ-ee, 131-
139. ^ 
148 
Pruche, F., Kermici, M., Prunmeiras, M. (1991). Int. J. Cosmet. Sci., 13, 
117. 
Pryor, W.A. (1987). Raven Press, New York, pp. 89-112. 
Pryor, W.A. (1988). Free Radi&ai^ sift Biol»fy-aml Mediemr. 4, 219. 
Pryor, W.A. (1988).^ Free Radica*4n Biology a«4^edwji«€ 4, 219-223. 
Quedan. S. (1972). Planta Med. 21. 410. 
Qureshi. S.. Al-Meshal, I.A.. Tariq, M.. Ageel. A.M., Shah. A.H. (1989). 
Fitoterapia 60. 257. 
Qureshi. S., Tariq, M., El-Feraly, F.S., Al-Meshal. I.A. (1988). 
Mutagenesis 3, 481. 
Qureshi, S., Tariq, M., Parmar, N.S., Al-Meshal, I.A. (1988). Drug ^ 
ChemijMff Toxicol. 11, 151. 
Rabkin, J.G. and Stuening, E.L. (1976). Science. 194. 1013. 
Ramasarna, T. (1978). Biochem. Rev., XLIX. 13. 
Remiao, F., Carmo, H., Carvalho, F.. Bastos. M.L. (2001). Cardiovasc^ 
Toxicol. 1, 195-204. 
Resecrans, J.A. (1979). NIDA Research Monographs, Washington D.C., 
27, 328. 
Rhee. M.M., Hendrix, D.W. (1989, 1997). UCLA Symp. Mole. Cell. Biol. 
New Ser. (Mol. Biol. Stress 0, 87-96, Eng.). 
Ridovich, I. (1975). Annu. Rev. Biochem. 44, 147. 
Ridovich, I. (1978). Science, 201, 875. 
149 
Rosecrans, J., Campbek, O., Dewey, W., Harris, L. (1979). NIDA Res. 
Monograph (Washington) 27, 328 (1979). 
Rysanek, K., Prikryl, P., Kunovska et al. (1978). Cas. Lek. Cesk., 117, 
1113. 
Sabban, E.L., Hiremagalur, B., Nankova, B., Kvetnansky, R. (1995). Ann. 
NY Acad. Sci. 771, 327. 
Said. E. (1967). Free. Egyptian Acad. Sci. 20, 65. 
Saito, D., Shirai, A., Matsushima, T., Sugimura. T., Hirono, I. (1980). 
Carcinogen. Mutagen. 1, 213. 
Sarkar, F.H. (1978). Role of serotonin and its metabolizing enzymes in 
health and disease with particular reference to stressful conditions 
Ph.D. Thesis B.H.U., 1978. 
Sax, K., Sax, J. (1966). Proc. Natl. Acad. Sci. (USA), 55, 14^1. 
Schneider, F.H., Smith, A.D. and Winkler (1974). Brit. J. Pharmacol., 31. 
94. 
Schneider, W.C. Methods in Enzymology. Colowick, S.P. and Kaplan, 
N.O., Eds. Academic Press, New York, 1957, 680. 
Schorno, X., Brenneisen, R., Steinegger, E. (1982). Pharm. Acta Helv. 57, 
168. 
Schorno, Z. (1979). 'Pharmakognosie von Catha edulis Forsk" 
Dissertation, Bern. 
Schuster, C , Johanson, R. (1979). NIDA Res. Monograph (Washington) 
27, 324. 
150 
Seckin, S., Alptekin, N., Dogru-Abbasoglu, S., Kocak-Toker, N. et al. 
(1997). The effect of chronic stress on hepatic and gastric lipid 
peroxide in long term depletion of glutathione in rats. 
Pharmacological Res. 36(1), 55-57. 
Selye, H. (1946). J. Clin. Endocrinol. Metabol., 6, 117. 
Selye, H. The stress of life. McGraw-Hill, New York, 1956. 
Serova, L., Danailov, E., Chamas, P., Sabban, E.L. (1999). J. Pharmacol. 
Ex^Ther. 291, 884. 
Serova, L.I., Nankova, B.B. Feng, Z., Hong, J.S., Hutt, M., Sabban, E.L. 
(1999). Biol. Psyahi&tfy 45, 853. 
Seyle, H. (1976). Stress in Health and disease, Butterworth, Boston, 
London. 
Shamsi, F.A. and Hadi, S.M. (1995). Free Radi«^4tr Biolo^ SHKI Medi^ HW-
19, 189-196. 
Sharma, T.R. (1978). Study of catecholamines during health and disease 
with special reference to stress disorders Ph.D. Thesis, B.H.U. 
Sies, H. (1991). Klin Wochenschr, 69, 21. 
Sies, H. (Ed.) Oxidative Stress. Academic Press, New York, 1985, 1. 
Sies, H., Wahllander, Wagdhas, C , Soboll, S. and Haberle, D. (1979). 
Function of intracellular glutathione in hepatic hydroperoxide and 
drug metabolism and the role of extracellular glutathione. In: 
Advances in Enzyme Regulation. (Ed.) Weber, G. Pergamon Press, 
Oxford, 18, 303. 
151 
Sies, H.L. (1991). Oxidative Stress II: Oxidants and Antioxidants. 
Academic Press, London and N.Y. 
Siraki, A.G. anbd O'Brien, P.J. (2002). Toxicology 177, 81-90. 
Slater. T.F. (1984). Biochem. J., 222, 1. 
Sohal, R.S.. Farmer, K.J., Allen, R.G. and Rayland, S.S. (1984). Effects of 
Diethyldithio-carbamate on life span, metabolic rate, superoxide 
dismutase, catalase, inorganic peroxide and glutathione in the adult 
male housefly, Musca domestica. Mech. Age-Develop. 24, 175-183. 
Sosnovskii. A.S. and Kozlov. A.V. (1992). Biull. Eksp. Biol. Med.. 113, 
486. 
Soufi, H.E., Kameswaran, M., Malatani, T. (1991). J. Laryngol. Otol. 105, 
643. 
Spiridonov, V.K., Nikiforov. A.F.. Kaledin, V.I. (1989). Patol. Fiziol. 
Eksp. Ter. 1, 21. 
Stockman, R. (1912). J. Pharm. Exp. Therappr4, 251. 
Subrahmanium, S. (1973). Proc. Inst. Neurol.. 123. 
Sudheesh, S.. Sandhya, C , Sarah Koshy. A., Vijayalakshmi, N.R. (1999). 
Phytotherapy Res€a«jh 13, 393-396. 
Sugiyama, Y. Yamada, T. and Kaplowitz, N. (1981). Biochem. J., 199, 
749. 
Sun, A.Y., LiDx, Wang, Y.L. Qp. (1995). Chang Kuo Yao Li Hsuch Pao, 
16,455. 
Szendrei, K. (1980). Bull. des. S tupe f i an t^ ' ^X^ 5. 
152 
Szendrei, K. (1983). In "First International Conference on Khat", by 
International Council on Alcohol and Additions, Lausanne, 
Switzerland, pp. 91-109. 
Tampo. Y. and Yonaha, M. (1990). Pharmacol. Toxicol., 66. 259. 
Tappel, A.L. (1984). Current Trends in Cellular Regulation. 24, 84. 
Tariq, M., Al-Meshal, I.A., Ageel, A.M., Qureshi, S. (1989b). Proc. 35th 
Int. Cong. Alcoholism & Drug Depend.'" 1. 64. Oslo. Norway. 
Tariq, M., Al-Meshal, I.A., Al-Saleh. A. (1983). In "Developments in the 
Science and Practice of Technology". A.W. Hayes, R.C. Schnell, 
T.M. Miya (Eds.), Elsevier Science Pub. 
Tariq, M., Al-Meshal, I.A., Parmar, N.S., Ageel, A.M., Qureshi, S. (1986). 
Mutagenesis 1, 381. 
Tariq, M., Islam, M.W., Al-Meshal, El-Feraly, F.S.. Ageel, A.M. (1989a). 
Life Scie*eir44, 951. 
Tariq, M., Parmar, N.S., Islam, M.W., Al-Meshal, LA. (1987b). 
Phytotherapy Res. 1, 1. 
Tariq, M., Parmar, N.S., Islam, M.W., El-Feraly, F.S., Al-Meshal, LA. 
(1987). Res. Comm. Subst. Abuse 8, 29. 
Tariq, M.. Parmar, N.S., Qureshi, S., El-Feraly, F.S., Al-Meshal, LA. 
(1987c). MutatieirRes. 190, 153. 
Tariq, M., Qureshi, S., Ageel, A.M., Al-Meshal, LA. (1990). Toxicole^ 
Lett. 50, 349. 
Tatematsu, M., Mera, Y., Inoue, T., Satoh, K., Ito, N. (1988). 
Carcinogenesis 9, 215. 
153 
Toh, C.C. (1969). J. Physiol. (Lond) 151, 410. 
Trinder, P. (1969). Ann. Clin. Biochem. 6, 24. 
United Nation Document (1975). MNAR/11. 
Vale, W., Spiess, J., Rivier, C. and Rivier, J. (1981). Science, 213, 1394. 
Van Asbeck, B.S., Hoidal, J., Vercellotti, G.M., Schwartz, B.A., Moldow, 
C.F.. Jacob. H.S. (1985). Science. 227. 756. 
Velterio, C , Kalix, P. (1982). Arch. Int. Pharmacolegjj. Therapie-255, 196. 
Videla, L.A., Valenzuela, A., Fernandez, V. and Kriz, A. (1985). Biochem. 
Int. 10, 425-433. __ 
Vinitha, R., Thangaraju, M., Sachdanandam, P. (1995). Jpf(. J. Med. Sci. 
Biol., 48, 145. 
Voster, P. (1974). Catha edulis. Flowering Plants of Africa', Petoria, 43, 
1685. 
W.H.O. (1980a). Report due Groupe Consultatif de TOMS, Bull, des 
Stupefiant<^XXXI|^83. 
W.H.O. Advisory Group, Review of the Pharmacology of Khat (1980b). 
Bull. Narcot. 32, 83. 
Wani, A.A., Hahi, S.M. (1979). Arch. Biochem. Biophys. 169, 138. 
Wefers, H. and Sies, H. (1988). Eur. J. Biochem., 174, 353. 
Wilson, R.L. (1980). Free radical protection (Eds. Porter, R. and Whelan, 
J). Pitman, London, 19. 
Wilson, R.L. (1983). Academic Press, New York, 1. 
154 
Wolfes, O. (1930). Arch. Pharm. 268. 
Workneh, F. (1983). Ethiop. Med. J. 21, 19. 
Yanagita, T. (1979). NIDA Res. Monograph (Washington) 27, 326. 
Yates, F.E., Maran, J.W. (1974). Chronobiologia, 1, 195. 
Yeap. S.S., Hosking, D.J. (2002). Rheumatology (Oxford) 41, 1088. 
Yonetani. Y.. Ishii. M. and Ogavva. Y. (1979). Jpn. J. Pharmacol. 29. 211. 
Younesa, M. and Siegers. C.P. (1980). Res. Commun. Chem. Pathol. 
Pharmacol. 27. 199. 
Zein, Z.A. (1988). J. Trop. Med. Hyg. 91. 71. 
Zelger, J.L., Carlini, E.G. (1981). Neuropharmacology 20, 839. 
Zelger, J.L., Schorno, H.J.X., Carlini, E.G. (1980). Bull. N a r c o t / ^ X I I , , 
67. 
Zhao. J., Lahiri-Ghattcrjee. M.. Sharma, Y., Agarwal. R. (2000). 
Garcinogenesis 21. 811-816. 
List of publication/presentation 
• Tariq M. AI-Qirim, Moyad Shahwan, Kashif R. Zaidi, Qamar 
Uddin and Naheed Banu (2002). Effect of khat, its 
constituents and restraint stress on free radical metabolism 
of rats. Journal of Ethnopharmacology 83/3: 245-250. 
• Tariq M. Al-Qirim, Moyad Shahwan, S.M. Kashif.R. Zaidi and 
Naheed Banu. Pro-oxidant effect of khat {catha edulis 
forsk) on liver and brain of rats. Fitoterapia (communicated). 
• Tariq M. Al-Qirim and Naheed Banu. DNA damaging Properties oi Catha 
edulis extract. Fitoterapia (communicated). 
• Tariq M. Al-Qirim and Naheed Banu. Effect of khat {Catha edulis) extract 
on proteins in vitro. Toxicology in vitro (communicated). 
• Tariq M. Al-Qirim and Naheed Banu. Effect of khat {Catha edulis Forsk) 
consumption on stress induced biochemical changes. 9 th Asian-Pacific 
Congress of Clinical Biochemistry (2002) INDIA. 
• Tariq M. AI-Qirim and Naheed Banu. The effect of khat consumption on 
different biochemical parameters in stressed.rats. 70 th Society of 
Biological Chemist (2001) Hyderabad, INDIA. 
